
IN THE ABSTRACT 
Please amend the abstract at page 111, lines 2-12 to read as follows. A marked-up 
copy of the abstract is attached. 



ABSTRACT OF THE DISCLOSURE 
A driving method for a liquid crystal display device with a cholesteric liquid crystal 
having a memory mode of operation including a first stage of applying a first voltage to 
change the state of the cholesteric liquid crystal to a homeotropic state, a second stage of 
applying a second voltage to change the state of the cholesteric liquid crystal to a 
homogeneous state or a homogeneous/planar-mixed state, and a third stage of applying a 
third voltage to change the state of the cholesteric liquid crystal from the homogeneous state 
or the homogeneous/planar-mixed state to a focalconic state. 



REMARKS 

Favorable consideration of this application as presently amended and in light of the 
following discussion is respectfully requested. 

Claims 1-27 are pending in the present application with Claims 1-4, 6, 8-9, 12-13, 15- 
18, 20-22 and 25-27 having been amended by the present amendment. 

As noted above, enclosed is a substitute specification for this application. The 
substitute specification amends the certified English translation to correct minor grammatical 
and idiomatic informalities, and amends reference numerals in the specification to correspond 
with the proper numbering in the drawings. The drawings have also been amended to include 
proper reference numerals. A separate letter requesting approval of these drawings is being 
submitted to the draftsman. Applicants submit no new matter has been added by the 
substitute specification. 
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In addition, the claims have also been amended to correct minor informalities and to 
more clearly recite the features of the present invention. The abstract has similarly been 
amended. 

Consequently, an action on the merits is earnestly solicited. 

Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 

Gregory J. Maier 
Attorney of Record 
Registration No. 25,599 
David A. Bilodeau 
Registration No. 42,325 
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Marked-Up Copy 

Serial No: 09/822,344 
Amendment Filed on: ^ . 



IN THE SPECIFICATION 
Enclosed is a clean copy of a substitute specification along with a marked-up copy. 
No new matter has been added. 



IN THE CLAIMS 

Please amend Claims 1-4, 6, 8-9, 12-13, 15-18, 20-22 and 25-27 as follows: 

~1 . (Amended) [In a] A driving method for driving a liquid crystal display device 
with a cholesteric liquid crystal having a memory mode of operation, [the driving method 
being characterized by] comprising: 

a first stage of applying a voltage so that the alignment of the cholesteric liquid 
crystal is [in] substantially in parallel to a voltage application direction; 

a second stage of applying a voltage to change the state of the cholesteric liquid 
crystal to a homogeneous state or a homogeneous/planar-mixed state[,]; and 

a third stage of applying a voltage to change the state of the cholesteric liquid crystal 
from the homogeneous state or the homogeneous/planar-mixed state to a focalconic state. 

2. (Amended) [In a] A driving method for driving a liquid crystal display device 
with a cholesteric liquid crystal having a memory mode of operation, [the driving method 
being characterized by] comprising: 

a first stage of applying a voltage so that the alignment of the cholesteric liquid 
crystal is [in] substantially in parallel to a voltage application direction; 
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a second stage of applying a voltage to change the state of the cholesteric liquid 
crystal to a homogeneous state or a homogeneous/planar-mixed state[J; and 

a third stage of applying a voltage to change the state of the cholesteric liquid crystal 
from the homogeneous state or the homogeneous/planar-mixed state to a focalconic/planar- 
mixed state. 

3. (Amended) The driving method according to Claim 1, wherein 0.8xt h <t 2 <8x 
t h is satisfied where x 2 is a period of the second stage and t h is a time spent until the 
cholesteric liquid crystal in a homeotropic state by the application of a voltage indicates the 
lowest dielectric constant after the application of the voltage is stopped. 

4. (Amended) The driving method according to Claim 3, wherein 
t h ^ T 2 = ^ x x H is satisfied. 

6. (Amended) The driving method according to Claim 1, wherein a voltage 
waveform applied in the first stage [is constituted by] comprises a pulse-like voltage having a 
voltage amplitude of V,[;] a 

wherein a voltage waveform applied in the third stage [is constituted by] comprises a 
pulse-like voltage having a voltage amplitude of V 3 , and 

wherein V, is larger than V 3 and t 3 is smaller than t, where x } and t 3 are respectively 
voltage application times in [these] the first and third stages. 

8. (Amended) [In a] A driving apparatus for driving a liquid crystal display device 
with a cholesteric liquid crystal having a memory mode of operation, [the driving apparatus 
being characterized by] comprising: 

a first period determining means for determining a period of a first stage; 

a second period determining means for determining a second period in succession to 
the first stage; 
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a third period determining means for determining a third period in succession to the 
second stage [J; and 

a voltage application means* 

wherein a voltage is applied to the cholesteric liquid crystal so that its alignment is 
[in] substantially in parallel to a voltage application direction in the first period produced by 
the first period determining means[;] a 

wherein a voltage is applied to the cholesteric liquid crystal to change the state of the 
liquid crystal to a homogeneous state or a homogenous/planar-mixed state in the second 
period produced by the second period determining means, and 

wherein a voltage is applied to the cholesteric liquid crystal to change the state from 
the homogeneous state or the homogenous/planar-mixed state to a focalconic state or a 
planar/focalconic-mixed state in the third period produced by the third period determining 
means. 

9. (Amended) [In a] A driving method for driving a liquid crystal display device 
with a cholesteric liquid crystal having a memory mode of operation, [the driving method 
being characterized by] comprising: 

a first stage of applying a voltage so that the alignment of the cholesteric liquid 
crystal is [in] substantially in parallel to a voltage application direction before a voltage is 
applied to each pixel based on conditions of voltage corresponding to display data; 

a second stage of applying a voltage to change the state of the cholesteric liquid 
crystal to a homogeneous state or a homogeneous/planar-mixed state [,]; and 

a third stage of applying a voltage to accelerate the change of the cholesteric liquid 
crystal from the homogeneous state or the homogeneous/planar-mixed state to a focalconic 
state or a focalconic/planar-mixed state, 
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wherein the second stage and the third stage are repeated after the first stage. 

12. (Amended) The driving method according to Claim 9, wherein a voltage 
waveform applied in the first stage [is constituted by] comprises a pulse-like voltage having a 
voltage amplitude of V,[;] 4 

wherein a voltage waveform applied in the third stage is constituted by a pulse-like 
voltage having a voltage amplitude of V 3 , and 

wherein V\ is larger than V 3 and t 3 is smaller than Tj where x x and x 3 are respectively 
voltage application times in [these] the first and third stages. 

13. (Amended) The driving method [for a display device with a cholesteric liquid 
crystal] according to [any one of Claims 1 to 1 1] Claim L wherein a voltage waveform 
applied in the first stage [is constituted by] comprises a pulse-like voltage having a voltage 
amplitude of V,[;]» 

wherein a voltage waveform applied in the third stage [is constituted by] comprises a 
pulse-like voltage having a voltage amplitude of V 3 [;] a and 

wherein V! is equal to V 3 and T 3 is smaller than x l where x x and x 3 are respectively 
voltage application times in [these] the first and third stages. 

15. (Amended) [In a] A driving apparatus for driving a liquid crystal display device 
with a cholesteric liquid crystal having a memory mode of operation, [the driving apparatus 
being characterized by] comprising; 

a first period determining means for determining a period of a first stage; 

a second period determining means for determining a second period in succession to 
the first stage; 

a third period determining means for determining a third period in succession to the 
second stage; 
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a voltage application means : and 

a frequency controlling means for operating repeatedly the second period determining 
means and the third period determining means after the operation of the first period 
determining means. 

wherein a voltage is applied to the cholesteric liquid crystal so that its alignment is 
[in] substantially in parallel to a voltage application direction in the first period produced by 
the first period determining means[;] a 

wherein a voltage is applied to the cholesteric liquid crystal to change the state of the 
liquid crystal to a homogeneous state or a homogenous/planar-mixed state in the second 
period produced by the second period determining means, and 

wherein a voltage is applied to the cholesteric liquid crystal to accelerate a change of 
the state from the homogeneous state or the homogenous/planar-mixed state to a focalconic 
state or an intermediate state between planar and focalconic states in the third period 
produced by the third period determining means [, a frequency controlling means for 
operating repeatedly the second period determining means and the third period determining 
means after the operation of the first period determining means]. 

16. (Amended) [In a] A driving method for driving a liquid crystal display device 
with a cholesteric liquid crystal having a memory mode of operation, [the driving method 
being characterized in that] comprising: 

initializing a display state [is initialized] by applying a predetermined voltage to each 
pixel; and 

applying a voltage [is applied] to each pixel based on conditions of voltage 
corresponding to display data, 
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wherein when [the] a temperature of the cholesteric liquid crystal is lower than a 
predetermined temperature, a voltage application time is extended from [the] a voltage 
application time corresponding to the predetermined temperature, and when the temperature 
of the cholesteric liquid crystal is higher than the predetermined temperature, a voltage 
application time is shortened from the voltage application time corresponding to the 
predetermined temperature. 

17. (Amended) The driving method according to Claim 16, wherein in driving 
according to a passive addressing system, when a period for initializing is represented by T x 
and a period for applying a voltage to each pixel based on conditions of voltage 
corresponding to display [date] data is represented by T 2 , lengths of T, and T 2 are extended 
from [the] lengths of T, and T 2 determined with respect to the predetermined temperature 
when the temperature of the cholesteric liquid crystal is lower than the predetermined 
temperature. 

18. (Amended) The driving method according to Claim 17, wherein the period T, for 
initializing includes a first stage of applying a voltage so that the alignment of the cholesteric 
liquid crystal is [in] substantially in parallel to a voltage application direction[;] A a second 
stage of applying a voltage to change the state of the cholesteric liquid crystal to a 
homogeneous state or a homogeneous/planar-mixed state, and a third stage of applying a 
voltage to change the state of the cholesteric liquid crystal from the homogeneous state or the 
homogeneous/planar-mixed state to a focalconic state or a focalconic/planar-mixed state, and 

wherein when periods of the first stage, the second stage and the third stage are 
respectively represented by T 10 , T u and T 12 , and when the temperature of the cholesteric 
liquid crystal is lower than a predetermined temperature, the lengths of T 10 , T n and T 12 are 
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extended from the lengths of T 10 , T u and T 12 determined with respect to the predetermined 
temperature. 

20. (Amended) The driving method according to Claim 16, wherein when the 
predetermined temperature is 25 °C, a period for applying a voltage to each pixel based on 
conditions of voltage corresponding to display data at an optional temperature t p is T 2 (t p ) and 
K A is a constant relying on 5 to 50 liquid crystal materials, the relation of the following 
[Formula 3] formula is satisfied: 

T 2 (t p ) = T 2 (25) x 2-((25-t p )/K A )[ ... (3)], 

21. (Amended) The driving method according to Claim 16, wherein when the 
predetermined temperature is 25 °C, and K B is a constant relying on 5 to 50 liquid crystal 
materials, the magnification n(tp) relating to T 10 , T n , T 12 and T 2 at an optional temperature t p 
satisfies the relation of the following [Formula 4] formula ( A indicates an index): 

n(t p ) = n(25) x 2-((25-t p )/K B ) [... (4)], 

22. (Amended) [In a] A driving method for driving a liquid crystal display device 
with a cholesteric liquid crystal having a memory mode of operation, [the driving method 
being characterized by] comprising! 

a first stage of applying a voltage so that the alignment of the cholesteric liquid 
crystal is [in] substantially in parallel to a voltage application direction; and 

a second stage of applying a voltage to change the state of the cholesteric liquid 
crystal to a homogenous state or a planar state. 

25. (Amended) [In a] A driving apparatus for driving a liquid crystal display device 
with a cholesteric liquid crystal having a memory mode of operation, [the driving apparatus 
being characterized by] comprising; 

a first period determining circuit for determining a period of a first stage; 
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a second period determining circuit for determining a second period in succession to 
the first stage [,]; and 

a voltage application circuit [wherein] for applying a voltage [is applied] to the 
cholesteric liquid crystal so that its alignment is [in] substantially in parallel to a voltage 
application direction in the first period produced by the first period determining circuit, and 
applying a voltage [is applied] to the cholesteric liquid crystal to change the state of the 
liquid crystal to a homogeneous state or a planar state in the second period produced by the 
second period determining circuit. 

26. (Amended) The driving apparatus according to Claim 25, wherein: 

the liquid crystal display device is provided with row electrodes and column 
electrodes; 

a passive addressing type driving is conducted; 

the voltage application circuit comprises a row driver for driving the row electrodes 
and a column driver for driving the column electrodes; and 

a controlling circuit is provided [wherein the controlling circuit instructs to] for 
instructing the row driver to apply a voltage of a non-display state to all the row electrodes 
and [instructs to] for instructing the column driver to apply a voltage of an ON display to all 
the column electrodes in the first period. 

27. (Amended) [In a] A driving method for driving a liquid crystal display device 
with a cholesteric liquid crystal having a memory mode of operation, [the driving method 
being characterized in that] wherein when a time spent until the cholesteric liquid crystal in a 
homeotropic state by the application of a voltage indicates the lowest dielectric constant after 
the application of the voltage is stopped[,] is represented by t h , a voltage is applied to the 
cholesteric liquid crystal so that the alignment of the liquid crystal is [in] substantially in 
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parallel to a voltage application direction[;] A the state of the cholesteric liquid crystal is 
changed by applying a voltage pulse of lower than t H5 and a voltage pulse is applied to effect 
a display.— 



IN THE ABSTRACT 

Please amend the Abstract at page 111, lines 2-12 to read as follows. A marked-up 
copy of the Abstract is attached. 

--ABSTRACT OF THE DISCLOSURE 

A driving method for a liquid crystal display device with a cholesteric liquid crystal 
having a memory mode of operation [comprises] including a first stage of applying a first 
voltage to change the state of the cholesteric liquid crystal to a homeotropic state[;] A a second 
stage of applying a second voltage to change the state of the cholesteric liquid crystal to a 
homogeneous state or a homogeneous/planar-mixed state, and a third stage of applying a 
third voltage to change the state of the cholesteric liquid crystal from the homogeneous state 
or the homogeneous/planar-mixed state to a focalconic state. ~ 
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■(our Ref.: OA-012-X (F2001-012/FA-14j3 
TITLE OF THE INVENTION 
A DRIVING METHOD FOR A CHOLESTERIC LIQUID CRYSTAL DISPLAY 
DEVICE HAVING A MEMORY MODE OF OPERATION AND A DRIVING 

APPARATUS 

CROSS-REFERENCE TO VRELATEj^ APPLICATIONS 

The entire disclosure of Japanese Patent Application 
No. 2000-101580 filed on April 3, 2000, No. 2000-118942 
filed on April 20, 2000, No. 2000-101579 filed on April 3, 
2000, No. 2000-121392 filed on April 21, 2000, No. 2000- 
126639 filed on April 26, 2000 and No. 2000-121391 filed 
on April 21, 2000, including^specif ication, claims, 
drawings and summary are incorporated herein by reference 
in their entirety. 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The present invention relates to a driving method for 
a liquid crystal display device with a liquid crystal 
layer having a memory mode of operation and a driving 
apparatus . 

DISCUSSION OF BACKGROUND 

At present, TN, STN, TFT liquid crystal display 
elements are widely used. In these liquid crystal 
display elements, a display is effected by conducting 
usually a predetermined driving. On the other hand, a 
cholesteric or a chiral nematic liquid crystal having a 
memory mode of operation (hereinbelow, referred to as CL- 



LC) is noted, and liquid crystal display devices provided 
with such liquid crystal (hereinbelow, referred to as CL- 
LCD) are studied for practical use. 

CL-L.C held between a pair of parallel substrates has 
a "twist structure" wherein the ^directo^ot theliquid 
crystal is twisted at a constant period. There is an 
alignment that the center axis of twist (hereinbelow, 
referred to as a helical axis) is in a perpendicular 
direction in average to the substrates. 

There^ar^a complete planar state (hereinbelow, 
referred to as a PP state) wherein each helical axis of a 
plurality of liquid crystal domains is substantially 
completely perpendicular to the substrate surfaces and an 
incomplete planar state (hereinbelow, referred to as PL 
state) wherein the direction in average of each helical 
axis of a plurality of liquid crystal domains is 
substantially perpendicular to the substrate surfaces. 
Then, {^circularly polarized light \Ln incident lightJj, 
which corresponds to the direction of twist of the liquid 
crystal layer, is selectively reflected. The wavelength 
X of the selectively reflected light is substantially 
equal to the product of an average refractive index n AV c 
of a liquid crystal composition and a pitch p of the 
liquid crystal composition (A,=n AV G'P)- 

The pitch p is determined according to p=l/ (c-HTP) 
where c is \ai^ amount of (sodding ofjan optically active 
substance such as a chiral agent or the like and HTP 
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(Helical Twisting Power) is a constant of the optically 
active substance. Accordingly, the selective reflection 
wavelength can be adjusted by kind ofj^and %p\ amount of 
lidding of a^optlcally active substance. By determining 
5 the pitch so that the selective reflection wavelength of 
CL-LC is (gut ol^a visible region, a display becomes 
transparent in visual observation at the time of 
selective reflection and provides an operational mode of 
transmission and scatter. 

10 A PP state produces a large regular reflection (tcT^ 

incident light and j^owsj extremely high reflectin g. 
characteristics at a specified viewing angle. state 
produces a relatively small regular reflection and ^hows^ 
high reflection characteristics at a relatively wide 

15 viewing angle. 

Further, CL-LC can exhibit a focalconic state 
(hereinbelow, referred to as a FC state) wherein helical 
axes of liquid crystal domains ^lirect^in a random 
direction or are aligned in a non-perpendicular direction 

20 to the substrate surfaces. Generally, the liquid crystal 
layer in a FC state shows a weak scattering state as a 
whole. There is no reflection of light having a 
specified wavelength as at the time of selective 
reflection. Further, the FC state, the PL state and the 

25 PP state exist stably even when [nonelectric field is fvo 1 
applied . 

Fig. 18(a) is a diagram showing a PL state and Fig. 
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18(b) is a diagram showing a FC state, which indicate 
aligning states of liquid crystal domains in a shape of 
gourd-shaped drum. The selective reflection wavelength 
in a PP state is generally given by l=n A vG'P. The 
5 selective reflection wavelength in a PL state tends to 
shift to a short wavelength side in comparison with a 
case of the PP state because there is a distribution in 
the direction of the helical axis. 

By providing an absorbing layer at a rear surface 

10 side in the FC state shown in Fig. 18(b), a display in a 
color of the absorbing layer can be obtained. 
Accordingly, a display having a memory mode of operation 
can be realized by utilizing two states: the PL state as 
a clear state and the FC state as a dark state (£n a case 

15 that^the absorbing layer is biUick) . 

The basic construction of^CL-LCD is disclosed in ^ 

George H. Heilmeier, Joel E. Goldmacher et al, Appln. 

po^uvAr- /Jo . 

Phys t Lett., 13 (1968), 132 and US A 3 , 936 , 815 . Further, 

><tlc.V Uo t * 
US^4,097,127 discloses that an intermediate state wherein 

20 a PL state and a FC state are mixed, exists stably, which 

can be utilized for a display. 



Next, a driving method for^CL-LCD will be described. 
In US .3,936,815, a PL state is changed to a FC state or a 
FC state is changed to a PL state respectively depending 
25 on magnitudes of the amplitude of a driving voltage. In 
lateri^jcase, the change is caused via a homeotropic 
state (hereinbelow, referred to as a HO state) in which 
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the liquid crystal molecules (direct insubstantial ly | ^ 

parallel to a voltage application direction, and 

accordingly, the highest voltage is required. 

InTcL-LC, an effective value of the waveforms of a 
ft 

series of applied voltages does not directly determine 
the state of the liquid crystal after the removal of the 
voltages, but the display after the removal of the 
voltages relies on an application time and an amplitude 
of a voltage pulse applied just before. A xx ^r\ 

fin the next&j/description will be ^ade).as to a matrix 
display in CL-LCD. It is ^apposed thal a voltage to 
change the liquid crystal into a FC state is V F/ a lower 
limit voltage to change it into a PL state is V P and an 
upper limit voltage which does not cause a change of the 
15 display state even by applying a voltage is V s . 

In conducting a a-line-at-a- time driving, a voltage 
pulse having a voltage amplitude of V r is applied to a 
row electrode, and in synchronism with this, a voltage 
pulse Qa selection pulse)^ having a voltage amplitude of 
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V c is applied to a column electrode. A selection pulse 
is applied once to each row electrode to complete a 
display sequence. 

In the display sequence, when an ON display is 
selected, a voltage amplitude of (V r +V c ) is applied once 
25 to a display pixel, and in a non-selection period in the 
ON display, a voltage V c is applied to the display pixel. 
Further, when an OFF-display is selected, a voltage 
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amplitude of (V r -V c ) is once applied to a display pixel, 
and in a non-selection period in an OFF-display, a 
voltage V c is applied to the display pixel, (jn a case 
thatt a PL state is selected in an ON time, and a FC state 
5 is selected in an OFF time, the conditions of the 
^J]L^ respective voltages are as follows. 

Further, it is necessary (to b^pV c <V s , so that the 
written state does not change. Thus, a matrix display 

10 can be effected by controlling the applied voltages as 
described above. 

In CL-LCD, even when the number of scanning 
electrodes is increased, the quality of Calj^^splay (in a 
state tha^j^t^play data are written is not deteriorated. 

15 Further, a driving voltage does not increase even when 
the number of electrodes is increased. However, the 
quality of (^display y_rjf^writing (the^image data (becomesj J^S_ 
poor as the number of scanning electrodes increases. 
Namely, when writing a state of display, selection pulses 

20 are applied to each scanning electrode in a predetermined 
application time. In this case, if the number of 
scanning electrodes is increased, a state that the 
scanning lines flow on the display surface is observed. 
Accordingly, it is necessary to shorten an application 

25 time of selection pulses depending on an increase£ofJv£ he 
number of scanning electrodes to shorten the display 
sequence . 
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When the application time of selection pulses is 
shortened, preferred display characteristics can be 
maintained by adjusting the amplitude of applied voltages 
in writing to change the state from an OFF-display (FC 
5 state) to an ON display (PL state) . On the other hand, 

there is a problem in writing to change the state from an 
ON display (PL state) to an OFF-display (FC state) . In 
this case, a Q^tate of) slightly scattering^is not 
sometimes sufficiently obtained in the FC state, and the 

10 alignment of the liquid crystal which shows selective 
reflection may partly remain. Then, the written OFF- 
display (FC state) does not show a sufficient darkness^ 
{This is the case tha^a black absorbing layer is provided 
at a rear surface side of CL-LCD as described above. 

15 Namely, the contrast ratio of a display is reduced. 

Further, a difference of light and dark ^as cause^in a 
region where the previous display was in an ON display 
(PL state) , and thereafter, an OFF-display (FC state) was 
written^ and^a region where the previous display was in an 

20 OFF-display, and then, an OFF-display was written plural 
times in series, and therefore, an uneven display ([night 
^produced. 

The above-mentioned (caus^results from an application 
time of a selective pulse. When the application time is 
25 shortened, it is impossible to change the state into a 
slightly scattering FC state in a complete sense by 
writing an OFF-display [ofl one time. Further, (it)) is 



because the optical characteristics of the written OFF- 
display, namely, a degree of slight scattering in an FC 
state or a degree of remaining [of^liguid crystal 
alignment exhibiting selective reflection, change relying 

on the previous state. Wv4W v~~yg- 

As a result, (an image written^reviously^is often 
observed as a residual image. Accordingly, it is 
difficult to shorten ^^application time of [^selection 
pulse, i.e., to increase the number of scanning 
electrodes while an excellent^ quality £f_ display] is 
maintained . 

As described above, in CL-LCD, ^there were^ problems 6<rc* r 
^thalTyhen the volume of ^display t^as made^large by 
increasing the number of scanning electrodes, the 
contrast ratio \was}Jdecreased or an uneven display {was} \j 
produced . 

In other words, it is necessary to extend a writing 
time (in orderjto maintain the^quality (of display in a 
case tha^W^higTily precise display is to be provided. 
However, when the writing time is extended, [T_state that^ 
scanning lines^flow on the display surface VjLs observed by 
naked eyej). Further, the following driving m^thod^i^ 
known other than the driving method as in US^3 , 93 6 , 815 . 

SID92, Digest, P. 759-761 (1992) discloses that a 
pulse-like voltage is applied to CL-LC to reset the state 
of liquid crystal alignment before the application of 
voltage into PL state or a FC state. ^riving waveform 
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is shown in Fig. 6. ^J^^ ^ 

Further, usfs, 933,203 discloses a technique of 
applying a voltage pulse having a larger amplitude to 
present a HO state, and then, ^ppjyiri^^T ^essiv^ ]^ a 
5 voltage pulse having a smaller amplitude. 

The patent publication document of EP0957394A1 
discloses a resetting method for CL-LCD. After the 
application of a voltage pulse to render the liquid 
crystal to be a HO state, a voltage pulse is applied to 
10 change the liquid crystal layer into a PL state, and 

thereafter, a voltage pulse is further applied to change 
it into a FC state. In this case, a (^ime for^resetting^K^ 
[becomesj^long as a whole because there is a phase change 
from the HO state to the PL state which is low in 
15 changing speed. Further, flickering is produced t^t^the 
Qime ofj reset ting^because all^the pixels are once turned 
to a reflective display state in the PL state. 

In CL-LC after ^the^ erasing (gf^J the previous display, 
either a PL state indicating a selective reflection or a 
20 FC state indicating no reflection may be chosen when the 
display is rewritten. However, since a HO state at an 
erasing time does not show reflection, a FC state which 
also does not show reflection after (the) erasing can 
provide a natural impression, in particular in a case of 
25 using a negative display which makes the background non- 
reflective. p d^^^O L 
Further, "a residual image" is one (of problems^caused 
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by shortening the application time of a selection pulse, 
Such phenomenon (is resulted from thati^the optical 
characteristics of a written OFF-state remain. Namely, 
"^he (sta te ^of] liquid crystal alignment in a FC state is 
5 influenced by the £tate of th£| liquid crystal alignment 
before the phase change, and the liquid crystal alignment 
^at the time o^ s el e^r t i ve reflection ^Smains ^^ight l 
Thus, in the conventional technique, it is very 
difficult to obtain a FC state providing the lowest r 
10 reflectance I in a case of f orming£a//^BsorEing layer / on a 
rear surface, without the remaining of selective 
reflection, by applying [once) a short voltage puls^f. -JL&Q 

Accordingly, the present invention (is to provid^ a~ 
driving method capable of resetting a display in a 
15 shorter time. Namely, it is an object of the present 
invention to provide a driving method and a driving 
apparatus which suppresses the occurrence of a residual 
image even fi^high - speed writing, prevents the reduction 
(\$^ ° f the contrast ratio of a display, and can provide a 

-^£r^ 20 highly precise display of high quality. 
\ \^ ^ SUMMARY OF THE INVENTION 

Namely, in accordance with a first aspect of the 
present invention, there is provided a driving method for 
driving a liquid crystal display device with a 
25 cholesteric liquid crystal having a memory mode of 

operation, the driving method (being characterized by 
comprising I a first stage of applying a voltage so that 



the alignment of the cholesteric liquid crystal is (in) 
substantially^parallel to a voltage application 
direction; a second stage of applying a voltage to change 
the state of the cholesteric liquid crystal to a 
homogeneous state or a homogeneous /planar-mixed statej' 
and a third stage of applying a voltage to change the 
state of the cholesteric liquid crystal from the 
homogeneous state or the homogeneous /planar-mixed state 
to a focalconic state. 

Further, in a second aspect, there is provided a 
driving method for driving a liquid crystal display 
device with a cholesteric liquid crystal having a memory 
mode of operation, the driving method (being characterized 
by comprising^ first stage of applying a voltage so that 
the alignment of the cholesteric liquid crystal is ^in"^ 
substantially^parallel to a voltage application 
direction; a second stage of applying a voltage to change 
the state of the cholesteric liquid crystal to a 
homogeneous state or a homogeneous /planar-mixed state, 



and a third stage of applying a voltage to change the 
state of the cholesteric liquid crystal from the 
homogeneous state or the homogeneous /planar-mixed state 
to a f ocalconic/planar-mixed state. 

* ■idedlftl 



Further, in a third aspect, {there is providedj^h* 
driving method^ according to the first aspect or the 
Lspect^wh£rein 0 . 8x1 x t ^8[xIt h 



second as 



is satisfied where 



x 2 is a period of the second stage and t h is a time 



- 12 - 



spent until the cholesteric liquid crystal in a 
homeotropic state by the application of a voltage 
indicates the lowest dielectric constant after the 
application of the voltage is stopped. 

Further, according to a fourth aspect, there is 
provided the driving method according to the third aspect 



Further, in a fifth aspect, there is provided the 
driving method according to any one of the first aspect 
10 to the fourth aspect wherein the voltage value applied in 
the second stage is 0 V. 

Further, in a sixth aspect, there is provided the 
driving method according to any one of the first aspect 
to the fifth aspect wherein a voltage waveform applied in 
15 the first stage is constituted by a pulse-like voltage 
having a voltage amplitude of V x ; a voltage waveform 
applied in the third stage is constituted by a pulse-like 
voltage having a voltage amplitude of and Vi is 

larger than V 3 and z 3 is smaller than z i where z i and z 3 
20 are respectively voltage application times in these 
stages . 

Further, in a seventh aspect, there is provided the 
driving method according to any one of the first aspect 
to the sixth aspect wherein when a-line-at-a-time 
25 operation is carried out to apply a voltage waveform 
based on display data of each display pixel after the 
first stage to the third stage, and conditions of 
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applying voltages are determined so as to write a planar 
stat e in an ON display and to write a focalconic state in 
an OFF state, a pulse width modulation system is used for 
a gray scale display. 
5 Further, in a eighth aspect, there is provided a 

driving apparatus for driving a liquid crystal display 
device with a cholesteric liquid crystal having a memory 
mode of operation, the driving apparatus \being 
characterized by comprising a tirsf period determining 
10 means for determining a period of a first stage; a second 
period determining means for determining a second period 
in succession to the first stage; a third period 
determining means for determining a third period in 
succession to the second stage,' and a voltage application 
15 means wherein a voltage is applied to the cholesteric 

liquid crystal so that its alignment is ^^substantially 
parallel to a voltage application direction in the first 
period produced by the first period determining means; a 
voltage is applied to the cholesteric liquid crystal to 
change the state of the liquid crystal to a homogeneous 
state or a homogenous /planar-mixed state in the second 
period produced by the second period determining means, 
and a voltage is applied to the cholesteric liquid 
crystal to change the state from the homogeneous state or 
the homogenous /planar-mixed state to a focalconic state 
or a planar / focalconic-mixed state in the third period 
produced by the third period determining means. 



20 



25 



Further, in a ninth aspect, there is provided a 
driving method for driving a liquid crystal display 
device with a cholesteric liquid crystal having a memory 
mode of operation, the driving method [being characterized 



by comprisin^a f irstis tage of applying a voltage so that 
the orientation of the cholesteric liquid crystal is 
substantially^parallel to a voltage application direction 
before a voltage is applied to each pixel based on 
conditions of voltage corresponding to display data; a 
second stage of applying a voltage to change the state of 
the cholesteric liquid crystal to a homogeneous state or 
a homogeneous /planar-mixed state,* and a third stage of 
applying a voltage to accelerate the change of the 
cholesteric liquid crystal from the homogeneous state or 
the homogeneous /planar-mixed state to a focalconic state 
or a f ocalconic/planar-mixed state, wherein the second 
stage and the third stage are repeated after the first 
stage . 

Further, in a tenth aspect, there is provided the 
driving method according to the ninth aspect wherein the 
voltage value applied in the second stage is 0 V. 

Further, in an eleventh aspect, there is provided the 
driving method according to the ninth aspect or the tenth 
aspect wherein the number of times of repeating the 
second stage and third stage is 2 to 10. 

Further, in a twelfth aspect, there is provided the 
driving method according to the ninth aspect, the tenth 
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aspect or the eleventh aspect wherein a voltage waveform 
applied in the first stage is constituted by a pulse-like 
voltage having a voltage amplitude of Vi; a voltage 
waveform applied in the third stage is constituted by a 
5 pulse-like voltage having a voltage amplitude of and 
Vi is larger than V 3 and z 3 is smaller than z 1 where t 1 
and z 3 are respectively voltage application times in 
these stages. 

Further, in a thirteenth aspect, there is provided 

10 the driving method according to the ninth aspect, the 
tenth aspect or the eleventh aspect wherein a voltage 
waveform applied in the first stage is constituted by a 
pulse-like voltage having a voltage amplitude of Vi; a 
voltage waveform applied in the third stage is 

15 constituted by a pulse-like voltage having a voltage 

amplitude of Vy and Vi is equal to V 3 and z 3 is smaller 
than z 1 where z 1 and z 3 are respectively voltage 
application times in these stages. 

Further, in a fourteenth aspect, there is provided 

20 the driving method according to any one of the ninth to 
the thirteenth aspect wherein when a-line-at-a- time 
operation is carried out to apply a voltage waveform 
based on display data of each display pixel after the 
completion of the first stage to the third stage, and 

25 conditions of applying voltages are determined so as to 
write a planar state in an ON display and to write a 
focalconic state in an OFF state,, a pulse width 
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modulation system is used for a gray scale display. 

Further, in a fifteenth aspect, there is provided a 
driving apparatus for driving a liquid crystal display 
device with a cholesteric liquid crystal having a memory 
5 mode of operation, the driving apparatus ^eing 

characterized by comprising' lirst~£eriod determining 
means for determining a period of a first stage; a second 
period determining means for determining a second period 
in succession to the first stage; a third period 
10 determining means for determining a third period in 

succession to the second stagey a voltage application 
meanslwhereidj^voltage is applied to the cholesteric 
liquid crystal so that its alignment is ^^substantially / o 
parallel to a voltage application direction in the first 
period produced by the first period determining means^ a 
voltage is applied to the cholesteric liquid crystal to 
change the state of the liquid crystal to a homogeneous 
state or a homogenous /planar-mixed state in the second 
period produced by the second period determining means, 
and a voltage is applied to the cholesteric liquid 
crystal to accelerate a change of the state from the 
homogeneous state or the homogenous /planar-mixed state to 
a focalconic state or a planar /focalconic-mixed state in 
the third period produced by the third period determining 
25 means^ taP^jf frequency controlling means for operating 
repeatedly the second period determining means and the 
third period determining means after the operation of the 
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first period determining means. 

Further, in a sixteenth aspect, there is provided a 
driving method for driving a liquid crystal display 
device with a cholesteric liquid crystal having a memory 
5 mode of operation, the driving method being characterized 



10 temperature of the cholesteric liquid crystal is lower 
than a predetermined temperature, a voltage application 
time is extended from the voltage application time 
corresponding to the predetermined temperature, and when 
the temperature of the cholesteric liquid crystal is 

15 higher than the predetermined temperature, a voltage 
application time is shortened from the voltage 
application time corresponding to the predetermined 
temperature . 

Further, in a seventeenth aspect, there is provided 
20 the driving method according to the sixteenth aspect 
wherein in driving according to a passive addressing 
system, when a period for initializing is represented by 
Ti and a period for applying a voltage to each pixel 
based on conditions of voltage corresponding to display 
25 (^t^sirepresented by T 2 ,^ I ^ 1 9ths of T x and T 2 are 

extended from the lengths of Ti and T 2 determined with 
respect to the predetermined temperature when the 




applied to each pixel based on conditions of voltage 
corresponding to display data[^ whereiiLwhen the 



i 



temperature of the cholesteric liquid crystal is lower 

than the predetermined temperature. 

Further, in an eighteenth aspect, there is provided 

the driving method according to the seventeenth aspect 

5 wherein the period T x for initializing includes a first 

stage of applying a voltage so that the alignment of the 

cholesteric liquid crystal is Q^n) substantiall^^arallel 

to a voltage application direction; a second stage of 

applying a voltage to change the state of the cholesteric 

10 liquid crystal to a homogeneous state or a 

homogeneous /planar-mixed state^ and a third stage of 

applying a voltage to change the state of the cholesteric 

liquid crystal from the homogeneous state or the 

homogeneous /planar-mixed state to a focalconic state or a 

r- P^rYf^n 
15 focalconic /planar-mixed stat^ wherei^when periods of 

the first stage, the second stage and the third stage are 

respectively represented by T i0 , Tn and T 12 , and when the 

temperature of the cholesteric liquid crystal is lower 

than a predetermined temperature, the lengths of Ti 0 , Tn 

20 and T12 are extended from the lengths of Ti 0 , Tn and T i2 

determined with respect to the predetermined temperature. 

Further, in a nineteenth aspect, there is provided 
the driving method according to the eighteenth aspect 
wherein when T i0/ Tn, T 12 and T 2 at a predetermined 

25 temperature are represented by Ti 0r , Tn r , T 12r and T 2r , and 
when the temperature of CL-LC is lower than the 
predetermined temperature, T 10 , Tn, T i2 and T 2 are made 



respectively to be ni 
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Tior, n 2 XTii r/ n]jxr 12r and mx r 2r where 

n 2 Vhi and n|>jm. 

In a twentieth aspect, there is provided the driving 
method according to the sixteenth aspect wherein when the 
predetermined temperature is'2 5°C, a period for applying 
a voltage to each pixel based on conditions of voltage 
corresponding to display data at an optional temperature 
t p is T 2 (t p ) and K A is a constant relying on 5 to 50 
liquid crystal materials, the relation of the following 
Formula ^is satisfied: ^ 
T 2 (t p )l4r 2 (25)J><^"((25-t p )/K A ) ... (?) 

Further, in a twenty-first aspect, there is provided 
the driving method according to the nineteenth aspect 
wherein when the predetermined temperature is 2 5°C, and 
K B is a constant relying on 5 to 50 liquid crystal 
materials, the magnification n(t p ) relating to T i0 , Tn, 
T 12 and T 2 at an optional temperature t p satisfies the 
relation of the following Formula ( " indicates an 
index) : 



n(t p )|=jn(25)|>j2"( 



a- 

'( (25-tp) /K B >0. . 
Further, in a twenty-second aspect, there is provided 
a driving method for driving a liquid crystal display 
device with a cholesteric liquid crystal having a memory 
mode of operation, .the driving method feeing characterized 
by comprising)^ first stage of applying a voltage so that 
the alignment of the cholesteric liquid crystal is 
substantially /parallel to a voltage application direction 



V 



- 20 - 



and a second stage of applying a voltage to change the 
state of the cholesteric liquid crystal to a homogenous 
state or a planar state. 

Further, in a twenty- third aspect, there is provided 
the driving method according to the twenty- second aspect 
wherein the voltage value applied in the second stage is 
0 V. 

Further, in a twenty- fourth aspect, there is provided 
the driving method according to the twenty- third aspect 
wherein the period of the second stage is 0.3 - 100 ms. 

Further, in a twenty- fifth aspect, there is provided 
a driving apparatus for driving a liquid crystal display 
device with a cholesteric liquid crystal having a memory 
mode of operation, the driving apparatus ^eing 



characterized by comprisin^j^f irst period determining 
circuit for determining a period of a first stage; a 
second period determining circuit for determining a 
second period in succession to the first stage^ and a 
voltage application circuit wherein a voltage is applied 
to the cholesteric liquid crystal so that its alignment 
is (in)substantially^arallel to a voltage application 
direction in the first period produced by the first 
period determining circui^^lnd^a voltage is applied to 
the cholesteric liquid crystal to change the state of the 
liquid crystal to a homogeneous state or a planar state 
in the second period produced by the second period 
determining circuit. 




Further, in a twenty- sixth aspect, there is provided 
the driving apparatus according to the twenty- fifth 
aspect wherein the liquid crystal display device is 
provided with row electrodes and column electrodes; a 
passive addressing type driving is conducted; the voltage 
application circuit comprises a row driver for driving 
the row electrodes and a column driver for driving the 
column electrodes; and a controlling circuit is provided 
i^erein the controlling circuit instructs) to^the row 
driver to apply a voltage of a non-display state to all 
the row electrodes and ^nstructs^to^the column driver to 
apply a voltage of an ON display to all the column 
electrodes in the first period. 

Further, in a twenty- seventh aspect, there is 
provided a driving method for driving a liquid crystal 
display device with a cholesteric liquid crystal having a 
memory mode of operation, [the driving methodising 
characterized in thaft when a time spent untxl the 
cholesteric liquid crystal in a homeotropic state by the 
application of a voltage indicates the lowest dielectric 
constant after the application of the voltage is stopped, 
is represented by^T H , a voltage pulse is applied to the 
cholesteric liquid crystal so, that the liquid crystal 
alignment is Q.n\substantiall^ parallel to a voltage 
application direction; the state of the cholesteric 
liquid crystal is changed by applying a voltage pulse of 
lower than r H , and a voltage pulse is applied to effect 
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a display. 



"f'Vhe inventors of the present invention have studied 
in detail a \state of/ re-arrangement^of liquid crystal 
molecules in CL-LCD immediately after the application of 
5 a pulse of high voltage which renders CL-LCD to be in a 
HO state. First ,^ description will be Widens to the 
relation of the optical characteristics (at the time of 
applying a^oltage „and' after erasing the voltage. It is 
assumed that the dielectric anisotropy of CL-LCD used is 
10 positive and a phase state in a display is changed by 
applying a voltage pulse. 

First, CL-LCD is made to be a PL state providing 
selective reflection./)^ application time of a voltage 
pulse is fixed and the voltage amplitude is increased. 
15 When the voltage amplitude is small, the PL state 

initially does not change after the application of the 
voltage is stopped, and the reflectance does not change. 
When the voltage amplitude is further increased, CL-LCD 
becomes a FC state after the application of the voltage 
20 is stopped, and shows a slightly scattering state. A 
color display is obtainable by an absorbing layer 
provided at a rear side (a black display when the 
absorbing layer is black) . 

When the voltage amplitude is further increased, the 
25 same PL state as in the initial state is obtained as a 
state after the application of the voltage is stopped. 
Further, a voltage pulse is applied to CL-LCD in a FC 
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state providing a slightly scattering state as the 
initial state, and a change of the display-state is 
examined. Examination was conducted repeatedly by 
changing conditions. 
5 When the initial state is a FC state, the application 

time of a voltage pulse is fixed and the voltage 
amplitude is increased. When the voltage amplitude is 
small, the initial FC state does not change and the 
reflectance does not substantially change after the 

10 application of the voltage is stopped. When the voltage 
amplitude is further increased, a weak selective 
reflection state. in which slightly scattering and 
selective reflection are mixed can be obtained as the 
state after the application of the voltage is stopped. 

15 When the voltage is further increased, a PL state which 
provides selective reflection can be obtained as the 
state after the application of the voltage is stopped. 



20 applied to CL-LCD in a PL state, and ther^the voltage is 

stopped. Then, the PL state is changed to a FC state. 
In the FC state, when a voltage pulse having a ^urther^ 
large voltage amplitude is applied, the state after the 
stopping of the application of voltage is turned to a PL 

25 state. In the initial state in either a PL state or a FC 
state, the state is changed to a PL state by applying a 
high voltage via a HO state in which a long axis 



Namely, a voltage pulse having a larger voltage 
amplitude than a predetermined voltage amplitude is 
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direction of each liquid crystal molecule aligns in a 
voltage application direction when a voltage is applied 
to the liquid crystal. 

When CL-LCD in a HO state f is re-arranged into a PL 
state after Qhe stop c^) h ^3%p^lication of voltage, it 
transits several kinds of alignment of liquid crystal. 
Therefore, a time from several 100 ms to several ^^ nds 
is sometimes required depending on a viscosity of ^liquid 
crystal . 

Fig. 1 shows a change of the relative dielectric 
constant of CL-LCD after it is changed to a HO state by 




tiu state oy * 
*ty^a~ change - V^^« 



applying a voltage pulse. It is (supposed tha 

of the dielectric constant corresponds to a change of the 

rr X 

alignment direction (in average) of ^liquid crystal 
15 molecules. The dielectric constant indicates the 

smallest value at about 0.5 ms after the ^top ping ot) 
application of voltag^aTTd^indicates a stable value at 



about 1.5 ms. Namely, [it is found that^the direction of 
alignment ^iTT^^ver age of the liquid crystal molecules is 
nearly in parallel to the substrate surface at about 0.5 
ms after the Stopping ofVapplication of voltag^" ^ ^^~p^J 



Fig. 2 shows a change of reflection spectra of CL-LCD 
after the ^topping of^pplication of voltag^ In the 
Figure, a time of "0.4 to 100 ms" indicates a time j^^^^f^, 
25 elapsed after the ^topping of^application of voltage^. ^ 
^Ther^is understood that ^ncT^elective reflection is^found^" 
up to about 1 ms after the popping ofVapplication of 
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voltagX, and thenQ the intensity of reflection gradually 
increases^ anjptime of several 100 ms or more is 
required ^Ln order^ to obtain complete^re-alignment from a 

HO state to a PL state. i ( Jl L> r ~J 

5 \lt was foun^that from the state ol changing the 

dielectric constant and the reflection characteristics, 
CL-LC has a special molecular alignment immediately after 
the application of a high voltage pulse to change the 
liquid crystal into a HO state. Namely, there is a 

10 homogeneous liquid crystal alignment (hereinbelow, 

referred to as a HG state) as a transit state in which 
the dielectric constant is smallest, the liquid crystal 
molecules are substantially in parallel to the substrates, 
and the liquid crystal does not^ha^a helical structure 

15 ^o^y^preHetermined pitch. Further, a time f rom [the3 

stopping [complication of voltage to the presentation of 

a HG state is represented by r H - 

Further, CL-LC, after it has exhibited a HG state, 
gradually exhibits a helical structure£o|^predetermined 

20 pitch. The liquid crystal alignment in this stage is 

referred to as a medium-like state between a HG state and 
a PL state. In order to obtain an excellent FC state in 
a ^horte^timeas possible, a first voltage pulse (a high 
voltage pulse) which makes the liquid crystal a HO state, 

25 is applied, then, a second voltage pulse is applied, and 
thereafter, a third pulse is applied to make the liquid 
crystal into a FC state. 
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^^he amplitude of the second voltage pulse was 0V and 

an application time of the third volta ^g^ WaS 3 'j^jjj^^- 
msec in order to achieve the resettin^fi^shorte^ time 
as possible. Fig. 3 shows the relation between the 
5 reflectance after the resetting^ and the amplitude of the 
third voltage pulse. 

Numerical values in Fig. 3 (O: 0 sec. A: 0.3 msec, 
□: 1 msec, X: 3.3 msec) indicate widths of the second 
voltage pulse. The width of the second voltage pulse 
10 being 0 sec corresponds to the conventional technique. 
Namely, the third voltage pulse is applied immediately 
after the first voltage pulse without applying the second 

voltage pulse. 

As is clear from Fig. 3, the reflectance in an 
obtainable FC state is high when the width of the second 
voltage pulse is t„ or less. Further, the margin of the 
optimum voltage of the third pulse is small. In 
particular, when the second voltage pulse is not used, a 
FC state can not be formed by the third voltage pulse 
having a shorter width. Here, the FC state includes a 
FC/PL-mixed state. Such^mTxed state is called |s) a semi- 
FC state. Fig. 31(A) shows diagrammatical ly the basic 
change of phase in the present invention, which shows a 
change from a HO state through a HG state to a semi-FC 
state. Fig. 31(B) concerns the conventional technique, 
which shows diagrammatically a change from a HO state 
through a PL state to a FC state. 
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Qcn ordei^to form a FC state in a shorter period, it 
is preferable that the width of the second voltage pulse, 
which changes the state from a HO state to a HG state or 
a HG/PL-mixed state, is^small as possible. Specifically, 
it is preferable to satisfy the following formula^ where 
the width of the second voltage pulse is represented by 



t 2 : 



0 . 8- t 



3 



:8-th ... (/f 

Further, it is ^urthel preferable to satisfy the 

H 

following formula : t__|. 

^urthe2jf"l^or&er to further reduce x 2 , it is 
possible to apply the third voltage pulse in a HG state 
which does not indicate a predetermined selective 
reflection in a PL state. 

From the above-mentioned, when the application time 
of the second voltage pulse is gradually reduced, a FC 
state is formed until the vicinity of t h - However, when 
the application time is smaller than t h , the voltage 
margin becomes small, and the FC state can not 
sufficiently be formed. The value t H is obtained by the 
measuring technique of the dielectric constant in Fig. 1 
In Fig. 2, a region in the vicinity of x H to a value 
slightly exceeding it does not exhibit selective 
reflection. 

Namely, there is no selective reflection or a low 
degree of selective reflection in the region from the 
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vicinity of t H to a value slightly exceeding it. 
Therefore, it is considered that there is no possibility 
of giving a strange feeling to a viewer (atT)each time jo£ 
rewriting) display data^ even when the width r 2 of the 
second voltage pulse is determined in such region. In 
the present invention, in the characteristic curves shown 
in Fig. 2, a region within about 30% of the maximum 
reflectance in the PL state can be used for a resetting 
operation. By adjusting an applicable voltage pulse in 
that range, a change to a desired state of phase can be 
controlled. 

When the convent ionaiy|driving method is conducted (^or 
display], a S^ind of^flash phenomenon may occur. Namely, a 
dark state (a state that a black color on a rear surface 
15 is observed) is provided first in a HO state; a clear 

state is provided in an PL state by applying the second 
voltage pulse^ and the state is again turned to a dark 
state by applying the third voltage pulse. Accordingly, 
a viewer feels a strange feeling because the display 
apparatus shows changes from a dark state to a clear 



state, and therefrom the clear state to a dark state 
each time display data are rewritten. 

In the present invention, there is an advantage that 
a strange feeling is not given to a viewer eac h t ime jpf 
rewritin^j^aisplay data ^the r thafTjan advantage that an 
initializing process for rewriting display data at a high 
speed can be conducted in ^shorte^j/time as possib^ 
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The basic structure of an embodiment of the present ^ ^JU/J_ 
invention based on the above-mentioned study, ^omprise^ 

first stage of applying a voltage so that the alignment 

r- -\ ^ 
of CL-LC is lin)substantially^parallel to a voltage 

5 application direction; a second stage of applying a 

voltage to change the state of CL-LC into a HG state or a 
HG/ PL-mixed statej and a third stage of applying a 
voltage to change the CL-LC from the HG state or the 
HG/PL-mixed state to a FC state, before applying a 
10 voltage to each pixel according to conditions of voltage 
corresponding to display data. 

Further, in the second stage, CL-LC may be rendered 
to be a HG stage in which a predetermined selective 
reflection is not exhibited in a PL state, and the third 
15 voltage pulse may be applied to the liquid crystal in 

such state. Further, a preferred voltage value applied 
in the second stage is OV. 

In the driving method for CL-LCD, it is preferred to 
determine [suc^) that a voltage waveform applied in the 
20 first stage is constituted by a pulse-like voltage having 
a voltage amplitude of V x ; a voltage waveform applied in 
the third stage is constituted by a pulse-like voltage 
having a voltage amplitude of and Vi is larger than V 3 

and t 3 is smaller than z i where % i and x 3 are 
25 respectively voltage application (perio^m these stages. 

Further, when a-line-at-a- time operation is conducted 
to apply a voltage waveform based on display data of each 
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display pixel after the first stage to the third stage 
^wherei^ A ^n3:itions of applying voltages are determined so 
as to write a PL state in an ON display and to write a FC 
state in- an OFF state, a pulse width modulation system 
5 1 may be used for effecting a gray scale display. 
X BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph showing a change of the relative 
dielectric constant of CL-LCD in a HO state at the 
application of a voltage pulse and after the ^stopping of^ 

10 the appucatforjp rf 

Fig. 2 is a graph showing the reflectance spectra of ^ 
CL-LCD after the (stopping of^application of voltag^.'^ — fi^— 

Fig. 3 is a graph showing the relation of the 
reflectance af ter^ resetting'^ |?i a case thatt the 
15 application time of the third voltage pulse is 3.3 ms to 
the voltage amplitude of the third voltage pulse. 

Fig. 4 is a diagram showing CL-LCD in cross section. 
Fig. 5 is a state diagram showing a change of/\display 
state in the application and the erasing of a voltage 

20 pulse (13.3 ms) . \fujL{h*\ 

Fig. 6 is a state diagramming case that^the width of 
a voltage pulse is shortened (6.6 ms). fl 

Fig. 7 is [aj^stafe^diagram an a case that^the width of 
a voltage pulse is shortened (3.3 ms) . 
25 Fig. 8 is a block diagram showing a structural 

example of a driving apparatus for driving a liquid 
crystal panel. 



Fig. 9(A) and Fig. 9(B) are diagrams showing driving 
waveforms diagrammatically . 

Fig. 10 is an explanatory drawing for explaining the 
function of an IAPT driving driver. 

Fig. 11 is an explanatory drawing showing the 
relation between a control signal and an applied voltage. 

Fig. 12 is a block diagram showing the structure of a 
driving apparatus (Embodiment A-l) . 

Fig. 13 is a block diagram showing a structural 
example of a signal conversion circuit in Embodiment A-l. 

Fig. 14 is a timing chart showing the operation of 
the signal conversion circuit. 

Fig. 15 is a block diagram showing the structure of ^3 tf ™ 
driving apparatus (Embodiment A-2) . 

Fig. 16 is a block diagram showing a structural 
example of a signal conversion circuit in Embodiment A-2. 

Fig. 17 is a timing chart showing the operation of 
the signal conversion circuit in Embodiment A-2. 

Fig. 18(a) and^lJ(b) are explanatory drawings showing - 
states of the alignment of CL-LC . 

Fig. 19 is an explanatory drawing showing^ numbers of 
times required until a FC state is written by using a 
pulse width modulation (PWM) . 

Fig 20 is a block diagram showing a structural 
example of a controller according to A PWM method. 

Fig. 21 is a timing chart showing the operation of 
the controller according to^PWM method. 
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Fig. 22 is a timing chart showing the operation of 
the controller according to^PWM method. 

Fig. 2 3 is a block diagram showing a structural 
example of a temperature compensation type driving 
5 apparatus . 

Fig. 24 is a block diagram showing a controller in 
the temperature compensation type driving apparatus. 

Fig. 2 5 is a timing chart showing a structural 
example of a temperature compensation circuit. 
10 Fig. 26 is a timing chart showing the operation of. a 

display sequence controlling circuit. 

Fig. 27 is a waveform diagram showing a driving 
waveform \iry^c5^ductingyiresetting^±n a PL state . 

Fig. 28 is a block diagram showing a driving circuit 
15 for conduct ing^resetting^m a PL j^j^J^ Q^^^^ 

Fig. 2 9 is a timing chart ^n^resettingjyin a PL state. 

Fig. 3 0 shows a display state in an example of the 
liquid crystal display device of the present invention. 

as 

Fig. 31(A) is a diagram showing changes of^ phase 
20 state in CL-LCD in the present invention, and Fig. 31(B) 
is a diagram showing changes of phase in the conventional 

technique . 
^ 



25 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

/'T ig . mTis a cross-sectional view showing 
diagrammatically (CL-LCD according to the present 
invention. CL-LCD(comprise^gIass substrates 1A and IB, 
electrodes 2A and 2B, thin films of polymer 3A and 3B, a 
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liquid crystal composition 4 and a light absorber 5 of 
black color disposed at a rear surface side to display a 
FC state and a PL state stably. 

Thin films of inorganic material such as silica may qjf 



be formed. instead of the thin films of polymer 3 A and 3B. 
However, when a rubbing treatment is conducted to a 
surface of a thin film adjacent to CL-LC, stability in a 
FC state of CL-LC may be lost depending on' 
thin film. Accordingly, thin films without rubbing is 



stability m a 
kindl of] the 



provided or the electrode and the liquid crystal 
composition are directly in contact wither 

^^Tele^ode gap is maintained by spacers or the like. 
The gap is preferably 2-15 vm, and more preferably 3-6 pm, 
When the electrode gap is too small, the contrast ratio 
of a display decreases. When it is too large, the 
driving voltage increases. 

The [way of^ display may be either by a non-full dot 
matrix display such as a segment display or a dot matrix 
display. For the substrate, a glass substrate or a 
resinous substrate may be used, or a combination of a 



Whery^mSs used as a reflective display element, a light 
absorber may be disposed on an inner surface or an outer 
surface of either one of the substrates or a substrate 



having a light absorbing function may be used. 



spacers on electrode surfaces; sealing four sides of 



ceil is formed by scattering a slight amount of 



opposed substrates excluding an injection port with a a 
sealing material such as an epoxy resin^ and \filing\^ 
liquid crystal composition by vacuum injection. 

In order to examine the optical characteristics of 
CL-LCD at the time of applying a voltage and after the * » 
erasing the voltage, examination was repeated to gindj^tne 

^sftatfes |of displa^by applying a voltage pulse to the 
liquid crystal panel, and thenC] erasing the voltage pulse. 

(^A^Ehe states of the panel before conducting a voltage 
applying treatment, a PL state and a FC state are used. 
Figs. 5, 6 and 7 are explanatory drawings showing a 
summary of experimental results . ^ Fig . 5 shows an example 
of the relation between the voltage amplitude and the 
reflectance wherein a voltage pulse of 13.2 ms is applied, 
and the reflectance 10 sec after the erasing of the 
voltage is measured. In Fig. 5, a diamond-like mark (♦) 
shows that an initial state is a PL state, and a square 
mark (■) shows that an initial state is a FC state. Fig. 
6 and Fig. 7 show experimental results tn cases tha ^tne 
width of the voltage pulse is further shortened. 

It is ^found^^rom tne experimental results that 
state in which the reflectance is high and Qt^is ^stable 

^stat^can be obtained by applying a voltage having an 
amplitude of 3 5V or more irrespective of the previous 
state. In other words, this means that when a pulse-like 
voltage treatment is conducted so that the liquid crystal 
is sufficiently homeotropic-aligned at the time of 
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applying a voltage, the state can be changed to a PL 
state by erasing the voltage. Further, a ^ s ^^ 
which the reflectance is low and ^t|is ^s'ftfee^atj'can 
be formed by applying a voltage having an amplitude of 
5 23V. 

Namely, in CL-LC used for^ experiments , the state of 
CL-LCD can be turned to a PL state by applying a voltage 
having an amplitude of 35V or more for 13.2 ms even 
though the initial state is any state. Further, a F£ jgjy 
10 state in which the reflectance is low and (ij^ is J ft sTraT5le 
^tate^an be formed by applying a voltage having an 

amplitude of 23V. This makes it possible to perform the 
resetting^n^^Srter time, which ^wa^'dtf f icult in the 
conventional technique. ^J^j^^. 
15 Here, ^n a case tha^a~~voTtage treatment 

corresponding to a HO state is conducted according to 
conditions obtained by experimental results as shown in 
Fig. 5 to Fig. 7, and a voltage treatment corresponding 
to a FC state is conducted successively, the liquid 
20 crystal assumes a homeotropic-aligned state at the first 
voltage treatment, however, a predetermined FC state is 
not always ^provided after conducting the next voltage 

treatment. ' i2 £J^J^^ 

in an embodimen^, accordingly, after conducting a 
25 treatment of applying a relatively high voltage in a 

first stage, a second stage is provided wherein there is 
a stage of applying no voltage, i.e., a state of 0V in 
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potential. Thereafter, a voltage treatment corresponding 
to a FC state (a third stage) is carried out so that 
writing is conducted according to individual display data. 
The state [that^ho voltage is applied, i.e., a period of 
5 the state that a voltage difference is OV (a period of 

the second stage) is a time spent from a HO state to a HG 
state or a HG/PL-mixed state. Here, the voltage 
difference of OV may be produced by a voltage pulse 
having a small voltage value which functions 

10 substantially^DV. 

With such voltage treatments, the previously written 
state can completely be erased by the first voltage 
treatment. Namely, CL-LCD becomes a homeotropic aligned 
state. Then, in the period of a voltage difference of OV 

15 in the first voltage treatment, the alignment state of 
CL-LCD is changed to a HG state or a HG/PL-mixed state. 
Further, by the next voltage treatment, a FC state or a 
FC/PL-mixed state is written. 

(>urthe^- when LK e^application time of voltage is 

20 reduced in the next voltage treatment (the third stage) 
which corresponds to the writing into a FC state, a 
FC/PL-mixed state can be obtained. Then, by writing 
individual display data, a display in a PL state can be 
obtained from the mixed state in an ON time, and a 

25 display in a complete FC state can be obtained from the p 

mixed state in an OFF time. Accordingly,^ display q^qJL.^ 
having a high contrast ratio can be realized at a high 



speed Igven in such^case^. 
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:asel 



Namely, it is unnecessary to appl}£j in the third 
stageQa voltage having j^u^^ainplitude^hatche* state of 
CL-LCD is rendered sufficiently to be a FC statejp^L.e., a 
state that the liquid crystal alignment indicating 
selective reflection does not substantially remairt(Jis 
provided. (Namel^j a voltage having l^uc^amplitude that 



CL-LCD is rendered to be a PL/FC-mixing state may be 
applied. In other words, a lower voltage can be applied 
or a voltage application period can be shortened in 
comparison with a case of forming a FC state in which the 
selective reflection does not substantially remain. 

Thus, when an OFF-display is effected in a selection 
time in a a-line-at-a- time driving period in succession 
to the first to third stage as described above)^namely , 
if a FC state substantially free from the remaining of 
selective reflection can be provided after a voltage for 
forming the FC state has been applie^, a display having a 
good contrast ratio can be obtained. 

In the following Embodiment A of the present 
invention will be described with reference to Fig. 8. In 
the driving circuit, a controller 11 supplies to a row 
driver 12 a frame signal (FR) as a control signal, a 
latch pulse signal (LP) for switching rows, an 
alternating signal or an output reversing signal (M) and 
a /DOFF signal (/DOFF) as a non-display signal. To a 
column driver 13, a LP signal as a control signal, a 



10 



15 



20 
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clock pulse signal (CP), an M signal, a /DOFF signal and 
display data are inputted from the controller 11. 

The row driver 12 selects the first row when the FR 
signal becomes a high level^ ^he LP signal corresponds^ 
to a signal which shifts rows to be selected by one^^he 
M signal is a signal for alternating, yjfhe CP signal is 
used as A clock]j for transferring display data from the 



A 

controller 11 to the column driver 13. When the /DOFF 
signal teeeewes a low level , the row driver 12 and the 
column driver 13 tSfg voltage levels to be applied to^CL- 
LCDflOf^to predetermined levels (a level V 0 at an erasing 



time) respectively. When the /DOFF signal is at a high 
level, a state of general writing is presented. 
(EXAMPLE A-l) 

A thin film of polyimide was formed by ^pinner) S^i * 
coating on each surface, which contacts a liquid crystal 
layer, of jglass substrates with stripe-like transparent 
electrodes. Then, resinous spacers having a diameter of 
4 urn were scattered on the surfaces of ^ vertically 
opposing substrates. An empty cell was formed by 
overlapping the glass substrates by interposing an epoxy 
resin printed with a width of about 0.4 mm at four sides 
excluding an injection port so that the stripe-like 
electrodes were crossed. 
25 A chiral nematic liquid crystal (hereinbelow, 

referred to as a liquid crystal A) having a helical pitch 
of about 0.34 um was prepared by dissolving and mixing 
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84.7 parts of a nematic liquid crystal of T C =87°C, A 
n=0.231, A f =16.5, viscosity rj = 32 mPa-s, and specific 
resistance=2xl0 11 Q-cm, 5.1 parts of a chiral agent shown 
in a chemical formula 1, 5 . 1 parts of a chiral agent 
shown in chemical formula 2 and 5.1 parts of a chiral 
agent shown in chemical formula 3 . 



O^CnQ^OCeHu 



(Chemical 1) 



CsHii 




^8 




Cs H 



i i 



(chemical 2) 



C 3 H 7 




10 A liquid crystal panel was prepared by injecting the 

liquid crystal A into the empty cell by a vacuum 



injection method and 



.seali 



ng the injection port with a UV 
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ray curing material. The numbers of electrodes are 240 
lines with respect to row electrodes, 320 lines with 
respect to column electrodes and the resolution is about 
100 dpi. A lusterless black paint was uniformly coated 
by spraying (on^a substrate of the liquid crystal panel. 

Next, a row electrode and a column electrode in the 
liquid crystal panel were selected, and a voltage of 40V 
was applied for 2 0 msec to the crossing portion of these 
electrodes. When the crossing portion was observed from 
a side of the substrate on which the black coating was 
not formed, after the application of the voltage, the 
crossing portion indicated a green reflection color. 
Then, a voltage of 20V was applied for 20 ms . When the 
crossing portion was observed from a side of the 
substrate on which the black coating was not formed, the 
crossing portion indicated substantially a black color. 

When a display sequence was started, a voltage of 40V 
was applied for 13.2 ms to the entirety of the panel (in 
orde^ to initialize the entire display surface of the 
liquid crystal panel 10. Subsequently, a non-voltage 
application time of 1 ms,in whicn the voltage to be 

applied to the liquid crystal panel 10 was 0^ -was 

^ovided^ Then, as^Sndition)( of a voltage to change the 
state to a FC state, a voltage of 23V was applied to all 
pixels for 3.3 ms . (^he^-a-a-line-at-a-time selection 
driving was carried out . 

A more specific driving sequence will be described 



with reference to a timing chart in Fig. 9(A). A state 
that the row driver 12 applies V r to all row electrodes 
and the column driver 13 applies V c to all column 
electrodes wherein V r is 3 5V and V c is ~5v£^is assumed, 
for example. Then, a voltage of 40V is applied to all 
pixels in the liquid crystal panel 10. In Fig. 9(A), a 
period in which a voltage of 40V is applied is shown as a 
reset portion (RST-P) . Further, the reset portion 
corresponds to the first period. 

Then, after the state that the non-voltage 
application time in which the applied voltage is 0V is 
continued for 1 ms, a voltage of 23V is applied to all 
the pixels for 3.3 msec. Specifically, a voltage of V r -V c 
is applied by the row driver 12 and the column driver 13. 
In Fig. 9(A), these periods are shown as a non-voltage 
application portion (WAIT-P) and a focalconic portion 
(FC-P) . The non-voltage application portion corresponds 
to the second period and the focalconic portion 
corresponds to the third period. 

Then, writing of display data, i.e., a a-line-at-a- 
time driving is started. In the a-line-at-a- time driving, 
rows to be selected are changed orderly, and in 
synchronism with this, column voltages according to 
display data are outputted to column electrodes. 
Polarities of a driving voltage waveform are reversed at 
an appropriate frequency so as to be alternated. In a a- 
line-at-a-time driving period, when row electrodes are 



selected, a voltage of V r +V c is applied in an ON display 
(PL state) , and a voltage having an amplitude of V r -V c is 
applied in an OFF-display (FC state) . 

In this Example, V r was 3 5V and V c was 5V. Further, a 
period for selecting row electrodes once was 3 . 3 ms . In 
Fig. 9(A), the a-line-at-a-time driving period is shown 
as an addressing portion (ADRS-P) . A non-voltage 
application portion may be or may not be provided between 
the focalconic portion and the addressing portion. Fig. 
9(A) exemplifies a case that the non-voltage application 
portion is provided. 

It was confirmed that by conducting a series of 



voltage treatments before (th^> writing £^j£isplay data, 
CL-LCD (lOC^was in a FC state in which a slight residual 
reflection remained. Further, when [the^wri ting (of^j^H^ 
display data was performed by the a-line-at-a-time 
driving^and a test pattern was displayed under the 
above-mentioned conditions, a display having a high 
contrast ratio was obtained without resulting^ residual 
image . 

(EXAMPLE A- 2) 

In the driving conditions in Example A-l, a voltage 
of 40V was applied for 13.2 ms to the entirety of CL-LCD 
|l00|( and thenjTJa non-voltage application time of 1 ms in 
which the voltage to be applied was OVf^was provided. In 
the next voltage treatment period, i.e., the focalconic 
portion, a voltage of 24V was applied for 2.0 ms, and a 
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a-line-at-a-time driving was started to display a test 
pattern. 

Then, although the state of ^h.e^ alignment before 
starting ^f^the a-line-at-a-time driving was a FC/PL- 
5 mixed state, the state of display by the a-line-at-a-time 
driving was (such]one having a high contrast ratio and OA JL 
free from any residual image wherein the quality was 
slightly inferior to Example A-l. Further, a time for 
the display sequence could be reduced in comparison with 
10 Example A-l. 

As described above, £"n^ order\to ^ra^\Qon ^letel^ the 

previously written display state, alljEEe pixels have to 

be oriented once perpendicularly. For this, a voltage of 

40V, for instance, is applied to all^ the pixels of CL-LCD 
|© 

15 ^O^ItT a predetermined period (the reset portion in Fig. 
9(A)). However, there is a possibility that the voltage 
application time is determined to be longer |in order^ to 
reduce an applicable voltage in practical use. 

It is (founder om a result of this Example that a 

20 display having a relatively high contrast ratio can be 

obtained even by shortening the focalconic portion as the 
third stage. When the focalconic portion is shortened, 
the alignment state before |the^starting £f^the a-line-at- 
a-time driving indicates an insufficient FC state in 

25 which selective reflection remains in a PL state, i.e., a 
FC/PL-mixed state. However, since a FC state is. written 
as an OFF-display at the time of the a-line-at-a-time 
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driving, a relatively high contrast ratio can be obtained. 

Accordingly, when (conditions o^voltage^ro— oEtain a 
HO state are represented by V x (a voltage value of the 
reset portion) and n (a period^of the reset portion), 
5 and Renditions o^ltage^S obtain a FC state by wntmg 
are represented by V 3 (a voltage value of the focalconic 
portion) and t 3 (a period of the focalconic portion), it 
is possible that Vjj>jV3 and tj|>|t 3 - 
(COMPARATIVE EXAMPLE A-l) 

10 In the driving conditions of Example A-l, the time of 

the non-voltage application portion was changed in a 
range (of) from 0 to 0 . 3 ras . A display having the same 
contrast ratio as Example A-l could not be obtained even 
whenjarlving conditions for the a-line-at-a- time driving 

15 were changed. 

(COMPARATIVE EXAMPLE A- 2) 

In a case of z 2 being 20 ms yhich was 40 times of r H , I 
flickering fproduced at the time c^jlresetting^ Further, CSJhL 
time spent for the initialization (resetjj[^ecomes) 

v - 




largely the structure of one display sequence. 

(EXAMPLE A- 3) 

In the driving conditions in Example A-l, when 
display data were written according to£^ a-line-at-a- time 
25 driving, an application time to^oTumn electrodes was 

divided uniformly into 10 portions in a selection period, 
and voltages corresponding to ON and OFF according to 
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gradation data were applied to the column electrodes in 
each divided period. Then, when a test pattern was 
displayed according to such^ voltage application method, a 
uniform gradation display according to display data could 
be obtained. 

(COMPARATIVE EXAMPLE A- 3) 

InVdriving conditions of Example A-l, voltages 



applied to^Slumn electrodes were V c in ON and -V c in OFF, 
and voltage values of n-V c ( -i|<^|<|l ) were applied to the 
10 column electrodes in response to the gradation data. A 
10 gradation display was presented by changing the 
voltage values. When various test patterns were 
displayed, an uneven parallel display produced on the 
column electrodes and a non-uniform gradation display was 

15 provided. ^W-M^ 

Accordingly, it was ^ound that^a good gradation 
display could not be obtained (in a" case of using3 U/W^ 
amplitude modulation ^STtEough a good gradation display 
could be obtained by using a pulse width modulation [in a 

20 case ofjjfettecting a gray scale display. 

In the following a driving circuit for driving^ CL- 
LCD will be described. A driving driver which can 
realize a a-line-at-a-time selection method (for example, 
APT: Alto Pleshko Technique or IAPT by improving this 

25 technique: improved APT) as the basic driving system for 
a passive matrix type STN liquid crystal display device, 
is widely used as IC of a specialized use. 
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In an IAPT driving driver for driving the passive 
matrix type STN liquid crystal display device, a 
selection voltage can be applied only to each row 
electrode. Accordingly, ^ri order}to change the initial 
state of CL-LCD in its entire display surface to a FC 
state, at least 1 frame period is needed to change the 
state into a HO state. In addition, at least 1 frame 
period is needed to change the state to a FC state, (in 
order t I P ec l C cKe change to a HO state in 1 frame 
period, the change has to be done in 1 selection time in 
an addressing time. Accordingly, it is necessary to 
apply a higher voltage than an ON voltage. 

A driver having a high voltage endurance is required 
\±n order} to realize it^ ^This^is difficult. On the 
contrary, when a sufficient homeotropic alignment is to 
be obtained with a voltage equal to an ON voltage, it is 
necessary to extend 1 selection time, with the result 
that[a) R tIme required for initialization is longer than a 
writing time. 

Namely, when the IAPT driving driver is applied to 
CL-LCD without modification, the above-mentioned voltage 
application treatments (the first stage to the third 
stage) can not be realized, and^Ome required for 
initialization becomes about several times ^s long as a^ 
^^time of selecting 1 picture. Namely, Q^Se required for 
rewriting 1 picture including the initialization becomes 
long. Therefore, the driving apparatus according to the 
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present invention in which an easily usable IAPT driving 
driver is used, is proposed. 

Fig. 10 and Fig. 11 are explanatory drawings for 
explaining the function of the IAPT driving driver. As 
shown in Fig. 10, in a column driver (COL-DRV) and a row 
driver (ROW-DRV) , liquid crystal driving voltages having 
4 levels are required respectively. However, voltages 
havinq 6 levels are required in the entire system. Here, 
V r is a voltage applied to^row electrodes in a selection 
time and V c is a voltage having a value of 1/2 of a 
difference between an ON voltage and an OFF voltage 
applied to the row electrodes. 

As shown in Fig. 11, an output voltage is determined 
in the row driver and the column driver respectively 
depending on a polarity reversing signal (M signal) as a 
level signal and a non-display instruction signal (/DOFF 
signal) . However, when the /DOFF signal is at a low 
level, all outputs from the row driver and the column 
driver have a V 0 level irrespective of another input 
signal . 

^ Fig. 12 is a block diagram showing Embodiment A-l of 
the driving apparatus. In this embodiment, a signal 
conversion circuit 14 is added in the general driving 
circuit shown in Fig. 8. The signal conversion circuit 
14 is disposed between the controller 11 and the row 
driver 12 and the column driver 13 to produce signals for 
forming the first stage (reset portion) , the second stage 
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(non-voltage application portion) and the third stage 
(focalconic portion), as described above, based on each 
signal from the controller 11, and supplies the signals 
to the row driver 12 and the column driver 13 . 



the signal conversion circuit 14 is independent from the 
signal controlling circuit 11. However, they may be 
unified together. When they are unified, the timing of 
signals can be optimized whereby a time for the 

10 initialization can be reduced. 

Further, an M signal is a polarity reversing signal 
produced by the signal conversion circuit 14, and DATA 
indicates display data produced by the signal conversion 
circuit 14. DATA is the same as display data outputted 

15 from the signal controlling circuit 11 in the addressing 
portion. A /DOFF1 signal is a /DOFF signal produced by 
the signal conversion circuit 14 and is supplied to the 
column driver 13, and a /DOFF2 signal is a /DOFF signal 
produced by the signal conversion circuit 14 and is 

20 supplied to the row driver 12 . 

CL-LCD having a memory mode of operation maintains 
the state of a display when data are once written in. 
Accordingly, it is unnecessary to conduct writing for 
each frame period. However, it is necessary to instruct 



25 (^rom^ outside the timing of rewriting of data. A start 

signal (START) shown in Fig. 12 is a signal used for the 
timing. The START signal may be a signal produced by a 



5 



Here, k description will be [mad^^ 



lie premise that 
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timer to become effective for each predetermined period, 
or a display rewriting instruction signal from MPU as a 
source for generating display data or an external switch. 
Fig. 12 shows as an example, the signal outputted from 
5 MPU . 

Fig. 13 is a block diagram showing a structural 
example of the signal conversion circuit 14 in Embodiment 
A-l. In the signal conversion circuit 14 shown in Fig. 
13, a 0.5-line detection circuit 21 determines the timing 

10 of 1/2 of a selection period using a LP signal as a 

trigger and outputs to an OR circuit 22 a signal in which 
a voltage level is reversed by such timing. A down- 
counter 24 is a counter which presets (n-1) as soon as a 
FR signal is inputted, and subtracts a counted value by 1 

15 in response to an input of the LP signal. Here, a 

character N designates the number of rows for display. 
First to fifth comparators (hereinbelow, referred to as 
comparators) 25, 26, 27, 28 and 29 compare a counted 
value by the down-counter 24 with a predetermined value 

20 respectively. 

The OR circuit 22 is adapted so that when a mask 
signal from a DOFF controlling circuit 31 is in a low 
level state, it supplies an output signal of the 0.5-line 
detection circuit 21 as an M signal to the row driver 12 

25 and the column driver 13, and when the mask signal is in 
a high level state, it supplies an M signal of high level 
to the row driver 12 and the column driver 13. 
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Further, a selector 23 is adapted to output any one 
of display data, data of high level and data of low level 
from the signal controlling circuit 11, as a DATA signal 
depending on a state of a selection signal, to the column 
5 driver 13 . 

A start flag circuit 3 0 synchronizes the START signal 
with the FR signal, and sets a start flag. The setting 
of the start flag is instructed to the DOFF controlling 
circuit 31. Further, the start flag is reset according 
10 to an instruction from the DOFF controlling circuit 31. 

The DOFF controlling circuit 31 functions in a state that 
the start flag is set. Further, it supplies the /DOFF1 
signal to the column driver 13 and the /DOFF2 signal to 
the row driver 12 depending on states of output from the 
15 comparators 25, 26, 27, 28 and 29. Further, it supplies 
a mask signal to the OR circuit 22, and supplies a 
selection signal to the selector 23. 



In the following^, operations will be described with 
reference to the timing chart of Fig. 14. The 
20 comparators 25, 26, 27, 28 and 29 are provided so that 

the time length of the reset portion (the first stage) is 
set to A, the time length of the non-voltage application 
portion (the second stage) is set to B, and the time 
length of the focalconic portion (the third stage) is set 
25 to C. Each of the comparators 2 5-2 9 receives a counted 
value from the down-counter 24 which counts down LP 
signalsj; 7 compares the counted value with a predetermined 
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value, and outputs an identity signal when these values 
are coincident. 

In this embodiment, a first period determining means 
for determining the time length A of the reset portion 

5 (c^mpri seethe down-counter 2 4 and the comparators 2 5 and 
26. A second period determining means for determining 
the time length B of the non-voltage application portion 
(compri seethe down-counter 24 and the comparators 2 6 and 
27 . A third period determining means for determining the 

10 time length C of the focalconic portion ^pmprisesjn 1 ^^ 

down-counter 24 and the comparators 27 and 29. A voltage 
application means for applying a predetermined voltage in 
the first to third stages (comprise^ tne OR circuit 22, 
the selector 23 and the DOFF controlling circuit 31. 

15 The predetermined value for comparison of the 

comparator 2 5 is (A+B+C) and the predetermined value for 
comparison of the comparator 2 6 is (A+B) . The 
predetermined value for comparison of the comparator 27 
is B, and the predetermined value for comparison of the 

20 comparator 28 is 1. The predetermined value for 

comparison of the comparator 29 is 0. Further, A+B+C|<jisr 
(N is the number of rows for display) . 

In a state that the start flag is not set, the DOFF 
controlling circuit 31 (fixesknon-clisplay instruction 

25 signals (/DOFFl signal and the /DOFF2 signal) with 

respect to the column driver 13 and the row driver 12 to 
be a low level so that all the column electrodes and the 



10 
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row electrodes are in a state of applying no voltage, 
i.e., a state of potential V 0 . 

Accordingly, CL-LCD ^K> ^ecomej^a state of applying 
no voltage irrespective of signals from the signal 
controlling circuit 11. Further, (fn orderl to fix the M 
signal and the DATA signal to a high level, it \^ixes|^tEe 
mask signal applicable to the OR circuit 22 to a high 
level, and sets so that a high level ("1") is selected in 
the selection signal to the selector 23. When the START 
signal is inputted to the start flag circuit 3 0 and then£^} 
the FR signal is inputted thereto, a start flag is set in 
the start flag circuit 30. The FR signal is inputted at 
each frame period. 

When the FR signal is inputted, (N-l) is preset in 
15 the down-counter 24. Thereafter, the down-counter 24 

counts down by using a row switching signal (LP signal) 
as a trigger. The comparator 2 5 outputs an identity 
signal to the DOFF controlling circuit 31 when a counted 
value by the down-counter 24 is coincident with (A+B+C) . 
20 The DOFF controlling circuit 31 receives the identity 

signal from the comparator 2 5 in a state that the /DOFFl 
signal and the /DOFF2 signal are both at a low level, and 
fixes the /DOFFl signal to the column driver 13 to a high 
level when the LP signal is inputted. 
25 As a result, the voltage level of all^the column 

electrodes becomes V 5 (V r +V c ) according to the relation 
shown in Fig. 11. Further, since the voltage level of 
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all of the row electrodes is V 0 , the voltage applied to 

^fix- 
liquid crystal is V r +V c to all* the pixels. For instance, 

when V r j=|35V and V^BV, the voltage applied to/flXquid 
crystal is 40V. 
5 When the counted value of the down-counter 24 is 

coincident with (B+C) , the comparator 26 outputs an 
identity signal to the DOFF controlling circuit 31. The 
DOFF controlling circuit 31 receives the identity signal 
from the comparator 2 6 in a state that the /DOFF1 signal 

10 is at a high level and the /DOFF2 signal is at a low 
level. Further, when the LP signal is inputted, the 
/DOFF1 signal to the column driver 13 is fixed to a low 
level. As a result, CL-LCD 10TB become^ a state of 
applying no voltage according to the relation shown in 

15 Fig. 11. 

In this case, the DOFF controlling circuit 31 sets 
so that a low level ("O") is selected in the selection 
signal to the selector 23. 

^ £ period from the time ^point that^ the voltage 

20 applied to liquid crystal is changed to V r +V c to the time 
at which state of applying no voltage^ exhibitedjis a 
period spent until the counted value of the down-counter 
24 advances by "A", and this period is the reset portion 
as shown in Fig. 14. 

25 The comparator 27 outputs an identity signal to the 

DOFF controlling circuit 31 when the counted value of the 
down-counter 24 is coincident with C. The DOFF 
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controlling circuit 31 receives the identity signal from 
the comparator 27 in a state that the /DOFF1 signal and 
the /D0FF2 signal are both at a low level. 

Further, when the LP signal is inputted, the /D0FF1 
5 signal to the column driver 13 is (fixec3) A tQ a high level. 
As a result, the voltage level of all^Xhe column 
electrodes becomes V 3 (V r -V c ) according to the relation 
shown in Fig. 11. Since the voltage level of all of the 
row electrodes is V 0 , the voltage applied top/iquid 

10 crystal for all^CHe pixels becomes V r -V c . For instance, 
when V^SV and v c|=| 5v ' the voltage applied to liquid 
crystal is 30V. 

A period from the time [point that^the voltage 
applied to liquid crystal is changed to a state of 

15 applying no voltage to the state of V r -V c is a period 
spent until the counted value of the down-counter 24 
advances by "B", and this period is a non-voltage 
application portion as shown in Fig. 14. 

^^he comparator 2 8 outputs an identify signal to the 

20 DOFF controlling circuit 31 when the counted value of the 
down-counter 24 is coincident with 1. The DOFF 
controlling circuit 31 receives the identify signal from 
the comparator 28 in a state that the /DOFF1 signal is at 
a high level and the /DOFF2 signal is at a low level. 

25 Further, when it receives the LP signal, it supplies a 

selection signal to the selector 23 so that display data 
are selected as the DATA signal . 



10 
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The comparator 29 /[outputs an identity signal to the 
DOFF controlling circuit 31 when the counted value of the 
down- counter 24 is (in^ coincident with 0. The DOFF 
controlling circuit 31 receives the identity signal from 
the comparator 29 in a state that the /DOFFl signal is at 
a high level and the /DOFF2 signal is at a low level, and 
(fixe^^e' /DOFFl signal and the /DOFF2 signal to the 
column driver 13 and the row driver 12 to a high level 
when the LP signal is received. 

Further, it \£ixel^T3ie mask signal to the OR circuit 
22 to a low level, so that an output from the 0.5-line 
detection circuit 21 is an M signal. Accordingly, the 
addressing portion is initiated by the a-line-at-a- time 
driving whereby a display in response to the DATA signal 
15 and the M signal is effected. At this moment, an ON 
voltage is V r +V c and an OFF voltage is V r -V c . 

A period from the time ^oint that| the voltage 
applied to liquid crystal is changed to V r -V c to a time 
(point that^a voltage in response to ON/OFF appears is a 
20 period spent until the counted value of the down-counter 
24 advances by "C", and this period is the focalconic 
portion as shown in Fig. 14. 

When an identify signal is output ted from the 
comparator 29 in a state that the /DOFFl signal and the 
25 /D0FF2 signal (which are non-display instruction signals 
to the column driver 13 and the row driver 1$^ are both 
at a high level, the DOFF controlling circuit 31 resets 



1 o \^L-L^C^fl uv^ CL iixyn j-^v^j., — ^ 

Itched so that the output of the selector 2 3 is (fixed} 

a. 

to a high level. Then, such^ate is maintained until 
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the start flag, and ^ixe^the /D0FF1 signal and the 
/D0FF2 signal to a low level so that the voltage applied 
to liquid crystal is made OV in all^rthe pixels. 

Accordingly, CL-LCD is kept in a state of storing 
written data. Further, the mask signal to the OR circuit 
22 is \f ixe^lf^^a high level, and the selection signal is 
swit 

- """V 

the next START signal is inputted. 

Thus, in Embodiment A-l, the first stage to the 
third stage, i.e., the reset portion, the non-voltage 
application portion (or a waiting portion) and the 
focalconic portion are produced by utilizing the M signal 
and the /DOFF signals which can be handled by the 
conventional driving apparatus. Accordingly, the IAPT 
driving driver can be applied to the present invention. 

Next, the structure of Embodiment A- 2 is shown in 
Fig. 15. In Embodiment A-2, a signal conversion circuit 
14 ^outputs ^ls^a SEL signal as a voltage switching 
instruction signal. Further, a power source device 15 
and a switch circuit 16 are provided. The power source 
device 15 is capable of supplying VLCD1 as a voltage 
generally used for driving a liquid crystal display panel 
and VLCD2 as a voltage having an optional voltage level. 
In Embodiment A-2, the power source device 15 and the 
switch circuit 16 are part of a voltage application means 
for applying a predetermined voltage in the first to the 
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third stages. 

VLCDl is a voltage corresponding to an ON voltage 
V 5 (V r +V c ) generally used in writing operations. VLCD2 is 
also a voltage corresponding to V 5 (V r +V c ) provided that it 
5 has a different value from VLCDl. For instance, when 
VLCDl is 40V, VLCD2 has a voltage value of 24V. In 
response to the SEL signal from the signal conversion 
circuit 14, the switch circuit 16 provides a necessary 
voltage for the row driver or the column driver by 

10 dividing either VLCD01 or VLCD2 . 

Fig. 16 is a block diagram showing an example of the 
structure of the signal conversion circuit 14 in 
Embodiment A-2 . In the signal conversion circuit 14 
shown in Fig. 16, a 0.5-line detection circuit 21, an OR 

15 circuit 22, a down-counter 24, comparators 25 to 29 and a 
start flag circuit 3 0 operate in the same manner as in 
Embodiment A-l. In a DOFF controlling circuit 31, the 
function to control the SEL signal which instructs the 
switching of a power source voltage is added. Further, 

2 0 the selector 23 used in Embodiment A-l is changed, and an 
OR circuit 23A is provided/ 

In the following operations will be described with 
reference to the timing chart of Fig. 17. In a state 
that a start flag is not set, the DOFF controlling 

25 circuit 31 (fixes ^non-display instruction signals to the 
column driver 13 and the row driver 12 (a /DOFF1 signal 
and a /DOFF2 signal) to a low level so that all ^column 
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electrodes and row electrodes are in a state of applying 

no voltage, i.e., a state of a potential of V 0 . 

r ^ i-S W , 

Accordingly, CL-LCD 10 (becomeara state of applying 

no voltage irrespective of states of ^signal from the 

5 signal controlling circuit 11. Further, ^n orde^ to "^Jl- 

an M signal and a DATA signal to a high level, a mask 

signal to the OR circuit 22 and a mask signal to the OR 

circuit 23A are (fixecDpto a high level. When a START 

signal is inputted, and thenQa FR signal is inputted, a 

10 start flag is set in the start flag circuit 30. The FR 
signal is inputted for each frame period. 

When the FR signal is inputted, (N-l) is preset in 
the down-counter 24. Thereafter, the down-counter 24 
counts down row switching signals (LP signals) . The 

15 comparator 2 5 outputs an identity signal to the DOFF 
controlling circuit 31 when the counted value of the 
down-counter 24 is coincident with (A+B+C) . 

The DOFF controlling circuit 31 receives the 
identity signal from the comparator 2 5 in a state that 

20 the /DOFF1 signal and the /DOFF 2 signal are both at a low 
level. Further, it [f i xe A he / DOFF 1 signal to the column 
driver 13 to a high level when the LP sigi^^i|^nputted . 

As a result, the voltage level of all^column 
electrodes becomes V 5 (V r +V c ) according to the relation 

25 shown in Fig. 11. Further, since the voltage level of 
all^^5w^?lectrodes is V 0 , the voltage applied to liquid 
crystal becomes V r +V c to all/the pixels. For instance, 
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when v|= 3 5V and V C |=^V, the voltage applied to liquid 
crystal is 40V. 

The comparator 2 6 outputs an identity signal to the 
DOFF controlling circuit 31 when the counted value of the 
5 down-counter 24 is coincident with (B+C) . The DOFF 

controlling circuit 31 receives the identity signal from 
the comparator 2 6 in a state that the /DOFF1 signal is at 
a high level and the /DOFF2 is at a low level. 

Further, it vEixesfaEhe /DOFF1 signal to the column 
10 driver 13 to a low level when the PL signal is inputted. 
As a result, CL-LCD lo|become^^state of applying non- 
voltage according to the relation shown in Fig. 11. 

A period from the time jpointT that^ the voltage 
applied to liquid crystal is changed to V r +V c to the time , * * 
15 \ at which a state £f applying^no voltage^tsj exhibit ed\ypTs a 
period spent until the counted value of the down-counter 
24 advances by "A", and this period is the reset portion 
as shown in Fig. 17. 

» JE*he comparator 27 outputs an identity signal to the 
20 DOFF controlling circuit 31 when the counted value of the 
down-counter 24 is coincident with C. The DOFF 
controlling circuit 31 receives the identity signal from 

the comparator 27 in a state that the /DOFFl signal and , 

r -) Set? 

the /DOFF2 signal are both at a low level, and teixesj^the 
25 /DOFFl signal to the column deriver 13 to a high level 
when the LP signal is inputted. 

Further, it ^fixe^ ^tTieSEL signal to a high level. 
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20 



When the SEL signal [become* high level, the switch 
circuit 16 shown in Fig. 15 is ready for selecting VLCD2 
from the power source device 15 and ^ Supplying the 
selected voltage to the row driver 12 and the column 

driver 13. A]^L 
As a result, the voltage level of alljcfelumn 
electrodes becomes V 5 (V r +V c ). Further, since the voltage 
level of all row electrodes is V 0 , the voltage applied to 
liquid crystal becomes V r +V c to all^Ehe~~pixels . In this 
stage, however, since the SEL signal is at a high level, 
the voltage applied to liquid crystal is VLCD2 which is 
different from V r +V c ( =VLCD1 ) ^use\u sual l y^f or the reset 
portion and the a-line-at-a- time driving. For instance, 

A period from the time ^oint that! the voltage 
applied to liquid crystal is changed to a state of 
applying no voltage to the time ^oint that\the supply of 
VLCD2 is initiated is a period until the counted value of 
the down-counter 24 advances by "B", and this period is 
the non-voltage application portion as shown in Fig. 17. 

The comparator 2 8 outputs an identity signal to the 
DOFF controlling circuit 31 when the counted value of the 
down-counter 24 is coincident with 1. The DOFF 
controlling circuit 31 receives the identity signal from 
25 the comparator 2 8 in a state that the /D0FF1 signal is at 
a high level and the /DOFF2 signal is at a low level. 
Further, itffixe^lthe mask signal to the OR circuit 23A 
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to a low level in response to an input of the LP signal, 
whereby display data are outputted as the DATA signal. 

The comparator 29 outputs an identity signal to the 
DOFF controlling circuit 31 when the counted value of the 
5 down-counter 24 is coincident with 0. The DOFF 

controlling circuit 31 receives the identity signal from 
the comparator 29 in a state that the /D0FF1 signal is at 
a high level and the /DOFF2 signal is at a low level. 
Further, it ^ixe^the /DOFFl signal and the /DOFF 2 
10 signal to the column driver 13 and the row driver 12 to a 
high level when the LP signal is inputted. 

Then, the SEL signal is returned to a low level. As 
a result, the row driver 12 and the column driver 13 are 
returned to a state that VLCDl is supplied from the power 
is source device 15. Further, (it. is provided that] the mask 
signal to the OR circuit 22 is ^to be a low level so that 
an output from the 0.5-line detection circuit 21 is 
generated as an M signal. Accordingly, the addressing 
portion in which a display in response to the DATA signal 
20 and the M signal is effected by the a-line-at-a-time 
driving^is initiated. In this case, an ON voltage is 
Vjj-ilvc and an OFF voltage is V r U/ c . 

A period from the time (point that^ the voltage 
applied to liquid crystal is changed to a voltage based 
25 on VLCD2 to the time £oint^ at which a voltage according 

to usual ON /OFF operations is produced, is a period until 
the counted value of the down-counter 24 advances by "C", 



and this period is the focalconic portion as shown in Fig. 
17 . 

Further, when an identify signal is outputted from 
the comparator 2 9 in a state that the /D0FF1 signal and 
the /DOFF2 signal, as non-display instruction signals to 
the column driver 13 and the row driver 12, are both at a 
high level, the DOFF controlling circuit 31 resets the 
start flag, and |fixes|Both the /D0FF1 signal and the 
/DOFF2 signal to a low level so that the voltage applied 
to liquid crystal is OV to all^the pixels, Accordxngly, 
CL-LCD is kept in a state of storing written data. 

r ^ 

Further, the controlling circuit pixes/^Elie mask 



signal to the OR circuit 22 and the mask ^ignal to the OR 
circuit 23A to a high level, and \^xe^th^M signal and 
the DATA signal to a high level. Then, it maintains such^- 
state until the next START signal is inputted. 

As described above, even in Embodiment A-2, the 
reset portion, the non-voltage application portion and 
the focalconic portion can be produced by utilizing the M 
signal and the /DOFF signals which can be handled by the 
conventional driving apparatus. Accordingly, the IAPT 
driving driver can be applied to the present invention. 

Further, in Embodiment A-2, since the amplitude of a 
voltage in the focalconic portion can optionally be 
determined, the optimum voltage value required for the 
focalconic portion can be used. This embodiment may have 
such\/structure that the amplitude of a voltage in the ^ 



reset portion can also be determined to have an optical 
value . 

In each of the embodiments described above , ^ lengths 
of the first to the third stages are determined based on 
the LP signal. However / : j^engths of the first to the 
third stages may be determined based on a clock signal 
other than the LP signal. In this case, by using a clock 
signal of ^higher frequency, the time for the 
initialization can further be shortened. 

In each of the embodiments described above, a 
positive pulse-like voltage is applied to CL-LC in the 
first stage (the reset portion) and the third stage (the 
focalconic portion) . However, a positive pulse and a 
negative pulse, which have [th^equal voltage amplitude m 
absolute value, may be applied in the respective stages. 

In the following^, Embodiment B using a pulse width 
modulation system will be described. Fig. 19 is an 
explanatory drawing showing an experimental result, [in a 
case o£a^Cvoltag"e application time of 1 ms, CL-LC can be 
(^urne^to^T" substantially complete FC state by around 5 
times of voltage application. On the other hand, ^in 
orde^to obtain the same state by only one-time of]] 
voltage application, a voltage application time of 10 ms 
is needed. Thus, ^t^is understood that^by applying a 
voltage several times in a shorter application time, the 
total time of obtaining a FC state can be reduced, in 
comparison with a case of obtaining a FC state by one 
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(time of\ voltage application. 

Namely, in a preparation period for writing display 
data, a voltage for rendering the state to be ^nce^a HO 
state is applied to CL-LC so that the previous state of 
display is reset, and then^a state of applying no 
voltage, i.e., a period of a potential of OV is provided. 
Further, a voltage pulse which makes the state ^an <\Fcj£L^___ 
intermediate state between a FC state and a PL states ^ifi?=. 
applied discontinuously to CL-LC in a shorter application 
time. By this method, the state of CL-LC is changed to a 
FC state in which there is substantially no selective 

flection \Femaine6^r an intermediate state between a FC 



re 

state and a PL stat^, and voltages corresponding to 

display data should be written (in it} in such^state. 

According to the above-mentioned driving method, the 

time required for the sequence for renewing a series of 

picture images can further be shortened. Further, since 

CL-LC is changed to a HG state or Tan intermediate state 

—Z? AGl PL K'.iJ s^ Vjg - 
between a HG state and a PL statejjin a period or a 

potential of OV, the time of resetting can effectively be 
shortened. 

Further, since the initial stage is set to a FC 
state or a FC/ PL-mixed state, (the^all^the pixels become 
simultaneously a reflective display state in a PL state, 
and accordingly, ^ occurrence of flickering at a resetting 
time can be suppressed. 

Further, as shown in Fig. 5 to Fig. 7, the optimum 



voltage for writing a FC state increases as the voltage 

application time is shortened. Accordingly, when Vi is 

an applicable voltage for providing a homeotropic 

alignment, x i is a time for applying the voltage, V 3 is 

an applicable voltage per 1 time for writing a FC state 

or a FC/PL-mixed state, and x 3 is a time for applying 

the voltage, if V 3 and r 3 are selected properly, ^ and 

V 3 can be made common under the condition of x Jj>^x 3 . ^ — 

Therefore, the circuit structure of the driving driver 

can be simplified. 

Fig 2 0 is a block diagram showing a structural 

I'D 

example of a controller 11. An oscillator -34 generates a 
clock signal (CLK) having a predetermined frequency. A 
reference counter receives CLK to count. Values 
counted by the reference counter j£ are inputted to a 
line-counter ^P. When a counted value reaches a 
predetermined value, the line-counter adds +1. A 
comparator [^-receives a counted value (DOT) of the 
reference counter a counted value (LINE) of the line- 

counter and set values (N1-N5) of a set register JS*" 
and produces a CP signal, an M signal, an LP signal, a 
/DOFF1 signal, a /DOFF2 signal and a SEL signal. The SEL 
signal is outputted to a selector^v^/ j^jl. \ 

A memory ^stores display da^a from j MPU 2($ The 
selector elects any ^^ata stored in the memory 2^7 

a u l" fixing signal and a "0" fixing signal, and outputs 
the selected data as a DATA signal to CL-LCD. 
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A set value for setting a voltage application time, 

which is provided from the MPU 20, is written in the set 

register Each "|5f times^^s^value based on ^^^ber^ 

of clock^outputted from the oscillator ^%r. In the 

5 present invention, a high voltage application time for 

providing a homeotropic alignment (a period of the first 

stage) is represented by Ni, a time of the non-voltage 

application portion (a period of the second stage) is 

represented by N 2 , a voltage application time for 

10 changing to a FC state (a period of the third stage) is 

represented by N 3 , the number of times of repeating N 2 

and N 3 is represented by N 4 , and a selection time in a a- 

line-at-a-time driving is represented by N 5 . 

' CL-LCD maintains the state of a display when data 
A 

15 are [once^written. Accordingly, it is unnecessary to 

write data for each frame period. However, it is 

necessary to instruct from the outside the timing 

required for rewriting data. Accordingly, an instruction 

of rewriting the display is produced from the MPU to the 

20 set register >5r. When an instruction of rewriting the 

(l<5 

display is set in the set register ^ t the START signal 
is outputted to the comparator 

In this Embodiment B, a first period determining 
means for determining a high voltage application period 
25 for providing a homeotropic alignment, a second period 
determining means for determining a time of the non- 
voltage application portion and a third period 
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determining means for determining a voltage application 
time for changing to a FC state, can be realized by the 

ivy- 

reference counter 2& tne line-counter ps, the set 
register 2& and the comparator ^T" respectively . A 
5 voltage application means for applying a predetermined 
voltage in the first to the third stages can be realized 
by the memory ^ the selector and the comparator ^2-4T 
Further, a frequency controlling means for repeating the 
second stage and the third stage can be realized by the 

10 set register and the comparator >r. 
* \^ (j^n the [ne^^o^^^^^ns will be described with 

U retererice^todie timing chart of Fig. 21. Here, N 4 =2 ; an 

ON voltage in the a-line-at-a- time driving is V r +V c and 
an OFF voltage is V r -V c - 

15 Assuming (that^ the controller 11 is in an initial 

state until the starting of a display is instructed from 

the MPU 20. Namely, signal levels are controlled so that 

the CP signal(jLr5w level, j LP signatf:>low level , signal^ \ | * m - 

high level, DATA^high level , and^/DOFFl signal and 

20 /DOFF2 signallTTftl^wleve"! . Since the /DOFFl signal and 

the /DOFF2 signal are both at a low level, all^ row 

electrodes and column electrodes are in a state of 

applying no voltage, i.e., in a state of a potential V 0 - 

^2-1 — - 

Further, both the reference counter ^ and the line- 
2 5 counter pr\z&£§ w 0" . 

When (the^starting ^j] a display is instructed from 
the MPU 20, a START flag is set in the set register 
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whereby a START signal becomes a high level. When the 
START signal is jturnec^to a v high level, the comparator 
puts the reference counter £2 in an operating state. The 
reference counter 22^ increases the counted value by 1 in 



response to the clock (CLK) from the oscillator '2^\ When 
a value in the line-counter is 0, the reference 
counter i^counts up until the counted value is 
coincident with N 5 . 

^ £he comparator 2/ produces a CP signal ofyhigh^^Level 
when the counted value of the reference counter is an 
even number, and produces a low level when it is an odd 
number so that CP signals are outputted for the number of 
pulses corresponding to the number of dots of the display 
element. During the operations, DATA is at a high level, 
15 and accordingly, the values of inner registers of the 

column driver 13 are all at a high level. , o 

/ l^i. — 

When the counted value of the reference counter 22^ 

is coincident with N 5 , the comparator ^makes the CNT 

sianal a high level in one clock period. In response to 

/ 

20 the CNT signal, the reference counter 22? turns the value 
to 0, and the line-counter ^ adds +1 to the value. At 
this moment, the comparator makes the LP signal a high 
level in one clock period. Therefore, the values of 
inner registers of the column driver 13 are reflected to 

25 outputs of the column driver 13 . 

When the value of the line-counter j^Zf becomes 1, the 
comparator flakes the /DOFF2 signal a high level. From 



- 69 - 

the relation shown in Fig. 11, voltage levels on all 
column electrodes become V 5 (V r +V c ) . Further, since 
voltage levels on all row electrodes are V 0/ the voltage 
applied to^ liquid crystal becomes V r +V c to all^pixels. 
5 Namely, a voltage necessary for providing a homeotropic 
alignment of liquid crystal can be applied to the entire 
surface of a display area. 

The comparator (^outputs a SEL signal so as to (fix} 5£z. 
DATA to a low level. The selector selects "0" in 

10 response to the SEL signal. The comparator ^outputs 
successively CP signals to make all^Ehe values of inner 
registers of the column driver 13 to be at a low level. 
The reference counter counts up until the counted 
value is coincident with Ni . When the counted value is 

15 coincident with N lt the counted value is returned to 0. 
At this moment, +1 is added to the value of the line- 
counter 2Jr to be 2 . , - ? 

yo- ' / ^ 

0 5 When the value of the line-counter 2<T becomes 

J \ 2n ( l/^<Hr 4 ) , the comparator 2J¥ makes the /DOFF2 signal a 

20 low level so that output potentials of the column driver 
13 are all V 0 . Therefore, the voltage applied to^ liquid 
crystal becomes 0V. The reference counter ^2" counts up 
until the counted value is coincident with N 2 . When the 
counted value is coincident with N 2 , the counted value of 
25 the reference counter 2rf is returned to 0, and +1 is 
added to the value of the line-counter ^2<T. When the 

vl. 



value of the line-counter 23- is changed from 2 to 3 , the 
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comparator^ makes the LP signal a high level in one 
clock period. As a result, the values of inner registers 
of the column driver 13 are reflected to^ outputs [fromkfhe 
column driver 13. 

When the value of the line-counter £3"* is 2n+l (l|^rj<^ 4 ) / 
the comparator ^makes the /DOFF2 signal a high level. 
In this case, since the M signal is at a high level, and 
DATA latched by the column driver 13 is at a low level, 
the applied voltage to all^ column electrodes is V 3 
according to the relation shown in Fig. 11, and the 
voltage applied to^^ifiquid crystal becomes V 3 (V r -V c ) to all 
pixels. Accordingly, a voltage required for providing a 
FC state is applied to the entire display. The reference 
counter^ counts up until the counted value is 
coincident with N 3 . When the counted value is coincident 
with N 3 , the counted value of the reference counter j£2r is 
returned to 0, and +1 is added to the value of the line- 
counter ^2-3". ^ 

When the value of the line-counter 2^ is 2n+l, and 
when this value is (2*N 4 +1), the comparator ^ outputs^^ 
the SEL signal so that display data from the memory 
are selected as DATA. In response to the SEL signal, the 
selector ^^^ecomek-tf^tate of selecting the display data 




from the memory^ Then, the comparator j£4" outputs 
successively the CP signals so that the display data are 
inputted to inner registers of the column driver 13 . 

The reference counter ^¥ counts up until the counted 
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value is coincident with N 3 . When the counted value is 

coincident with N 3 , the counted value of the reference 

counter returned to 0, and +1 is added to the value 

of the line-counter { 22< In this example, the value of 

the line-counter ^is 6. The comparator makes the LP 

signal a high level for one clock period so that the 

values of inner registers of^the column driver 13 are 

reflected to^feutputs ^fronj^the column driver 13. Further, 

it makes the FR signal a high level for a predetermined 

period so as to include pulses of the LP signal, and 

instructs to the row driver 12 to scan from the first row. 

When the value of the line-counter exceeds (2*N 4 +D , 

the comparator ^S%ixe^^f/D0FF1 signal and the /DOFF2 

signal to a high level. Accordingly, voltages necessary 

for effecting the a-line-at-a- time driving are outputted 

as outputs of the column driver 12 and the row driver 13 . 
<2I (X< 

In Fig. [icjpsuch^ period is shown as the addressing 



portion. 

When the counted value of the reference counter 
20 is smaller than (N 5 /2) in the addressing portion, the 

comparator makes the M signal a low level, and when it 
is (N 5 /2) or more, the comparator makes the M signal a 
high level, whereby the voltage to be applied to liquid 
crystal in the a-line-at-a- time driving is rendered to be 
25 alternated. Further, display data of the memory ^ are 
outputted as DATA for the next row to be selected. DATA 
are received by inner registers of the column driver 13 



according to the CP signal. 

The reference counter counts up until the counted 
value is coincident with N 5 . When the counted value is 
coincident with N 5 , the counted value of the reference 

counter 22^ is returned to 0, and +1 is added to the value 

^ iU /if 

of the line-counter 2?* The comparator 2fif outputs in a 
TDulse-like form the LP signal each time when +1 is added 

13*1 

to the value of the line-counter 2^ and it instructs to 
the row driver 12 to scan the next row, and at the same 
time, it instructs to the column driver 13 to output the 
next display data. ^ 

When the value of the line-counter 2/becomes (2° 
N 4 +l+the number of rows for display) , the comparator 
makes the CP signal and the LP signal a low level; 
instructs to the selector X to output data of w l" 
according to the SEL signal, and fixes the M signal to a 
high level. Then, when the counted value of the 
reference counter is coincident with N 5 , it makes the 
CLR signal to be a high level for one clock period and 
makes the values of the reference counter £2r and the 
line-counter >? to be 0 . Further, it makes the /DOFFl 
signal and the /DOFF2 signal a low level whereby the 
voltage to be applied to^tiSuid crystal becomes 0V, and 
negates the START flag to return to the initial stage. 

As described above, in Example B-l, the first stage 
to the third stage, i.e., the reset portion, the non- 
voltage application portion and the focalconic 
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accelerating portion (a state of accelerating a change to 
a FC state) are produced by utilizing the M signal and 
the /DOFF signals. Accordingly, the IAPT driving driver 
can be applied to the present invention. 
5 Then, the non-voltage application portion and the 

focalconic accelerating portion are repeated plural times 
(N 4 times) . Accordingly, CL-LCD 10 can be initialized in 
a sufficient FC state in a shorter time in comparison 
with a case that a FC state is realized by one pulse. In 

10 this example, N 4 =2 is used. However, the initialization 
can be performed with an optical value of N 4 in the 
structure shown in Fig . 20 . 

In the following Embodiment B-2 of the present 
invention will be described with reference to the timing 

15 chart of Fig. 22. The structure of a controller 11 may 

be the same as that shown in Fig. 20. 

In Embodiment B-2, when the value of the line- 

counter ^becomes 1, the comparator ^makes the /DOFF2 

signal a high level. The comparator 2£ outputs the SEL 

signal so as to (fi3? k5atA to a low level. However, the 
[IH S 

comparator >c does not output the CP signal. Accordingly, 



20 



values of inner registers of the column driver 13 remain 
\tp b^a high level. The reference counter ^2" counts up 
until the counted value is coincident with Ni. When the 
25 counted value is coincident with Ni, the counted value is 
returned to 0 . At this., moment , +1 is added to the value 
of the line-counter 2^r whereby the value becomes 2. 
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In Example B-2, the comparator ^/makes the /DOFF2 
signal a high level when the value of the line-counter 
is 2n+l (l<n<N 4 ) . In this case, since the M signal is at 
a high level, and DATA latched by the column driver 13 
are all at a high level, potentials outputted from the 
column driver 13 are all V 5 according to the relation 
shown in Fig. 11, and the voltage applied to liquid 
crystal is V 5 (V r +V c ). 

The operations in the other stages are the same as 
those of Embodiment A. In Example B-2, the same voltage 
is applied to CL-LCD 10 in the first stage and the third 
stage. Namely, a voltage value applied to orient CL-LC 
in a HO state and a voltage value applied to obtain a FC 
state could be used in common. 
(EXAMPLE B-l) 

A liquid crystal panel was prepared in the same 
manners in Example A-l. Then, a row electrode and a 
column electrode in the liquid crystal panel were 
selected, and a voltage of 40V was applied for 20 ms to 
the crossing point of these electrodes. When the 
crossing point was observed from a side of the substrate 
on which the black coating was not formed, after the 
application of the voltage, a portion of the crossing 
point indicated a green reflection color. Then, a 
voltage of 20V was applied for 20 ms. After the 
application of the voltage, the portion of the crossing 
point was observed from a side of the substrate on which 
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the black coating was not formed. As a result, that 

portion indicated substantially a black color. 
_ -To 

(in order tc^initialize the entire display surface of 
the liquid crystal panel, a voltage of 45V was applied to 
5 the entire display surface for 5 ms. Subsequently, a 
non-voltage application portion of 0.3 ms in which a 
voltage of 0V was applied to the liquid crystal panel£j^ 
was provided. Then, a voltage of 3 3V as a voltage for 
obtaining a FC state^was applied for 1 ms . The non- 

10 voltage application portion and the voltage application 
period for obtaining a FC state were repeated 5 times in 
total, and thenQa-line-at-a-time driving was carried out, 

Periods for selecting row electrodes are determined 
to be 0.1ms respectively. In the non-voltage 

15 application portion of 0.3 ms, the state of CL-LC is 
changed to a HG state or a HG/PL-mixed state. 
Accordingly, the resetting time can effectively be 
reduced. 

By conducting a series of voltage treatments before 
20 display data were written, a FC state could sufficiently 
be written, and a display having a high contrast ratio 
could be obtained. Namely, when a test pattern was 

* displayed, a display of high contrast ratio could be 

I* . ■ 

obtained without resulting^ a residual image. A time for 

25 a series of display writing operations was 17.5 ms . 

(COMPARATIVE EXAMPLE B-l) 

TO 

V£n_ order tc^initialize the entire display surface., a 
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voltage of 45V was applied to initialize the entirety of 
the panel for 5 ms in the same manner as in Example B-l. 
Subsequently, a non-voltage application portion of 0.3 ms 
in which a voltage of 0V was applied to the liquid 
5 crystal panelp|was provided. Then, a voltage of 23V for 
obtaining a FC state was applied for 10 ms . Qrheito, a- 
line-at-a-time driving was conducted. Periods for 
selecting row electrodes were determined to be 0 . 1 ms 
respectively. 

10 When a test pattern was displayed, a display having 

a high contrast ratio could be obtained without resulting f 
a residual image. However, a time required for a series 
of display writing operations was 21.3 ms, which was 
longer than the case of Example B-l. 

15 (EXAMPLE B-2) ^ 

r 

(in order tc^initialize the entire display surface, a 
voltage of 4 5V was applied to the entirety of the panel 
for 5 ms in the same manner as the case of Example B-l. 
Subsequently, a non-voltage application portion of 0.3 ms. 

20 in which a voltage of 0V was applied to the liquid 

crystal panel£}was provided. Then, a voltage of 45V as a 
voltage for obtaining a FC state was applied for 0.3 ms. 
The non-voltage application portion and the voltage 
application period for obtaining a FC state were repeated 

25 8 times in total, and then^a-line-at-a-time driving was 
performed. Periods for selecting row electrodes were 
determined to be 0 . 1 ms respectively. 
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When a test pattern was displayed, a display having 
a high contrast ratio could be obtained without resulting jn 
a residual image. A time required for a series of 
display writing operations was 15.8 ms by which a 
5 required time could further be improved. Further, in the 
steps for initializing the entire display surface, 
conditions of Jvoltage ^f or obtaining a homeotropic 
alignment, i.e. 45V and 5 ms could be used in common. 
This means that the number of voltage levels of a 

10 power source circuit can be reduced, and therefore, it is 
advantageous in using the driving circuit practically. 
Further, it is preferable that the number of times of 
repeating the non-voltage application portion and the 
voltage application period for obtaining a FC state is 

15 about 10 times or less. 

(COMPARATIVE EXAMPLE B-2) 

(in order toJ^iHTtialize the entire display surface, a 
voltage of 45V was applied to the entirety of the panel 
for 5 ms in the same manner as the case of Example B-2. 

20 Subsequently, a non-voltage application portion of. 0.3 ms 
in which a voltage of 0V was applied to the liquid 
crystal panel^was provided. Then, a voltage of 45V as a 
voltage for obtaining a FC state was applied for 10 ms . 
V Therik a-line-at-a-time driving was conducted. 

25 Periods for selecting ^row electrodes were determined 

to be 0.1 ms respectively. When a test pattern was 
display^ a display having a high contrast ratio could be 
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obtained without resultingVa residual image. However, a 
time required for a series of display writing operations 
was 21.3 ms which was longer than the case of Example B-2 . 
(EXAMPLE B-3) 

In the driving conditions in Example B-l, when image 

data are written according to a-line-at-a-time driving, a 

Re- 
time of applying voltages to^column electrodes in a 

selection period is divided uniformly into 10 portions, 
and voltages corresponding to ON and OFF corresponding to 
gradation data are applied to the column electrodes in 
each divided period. When a test pattern was displayed 
by suchj^voltage application method, a uniform gradation 
display corresponding to the display data could be 
obtained. 

(COMPARATIVE EXAMPLE B-3) 

In the driving conditions of Example B-l, the 
voltages applied to the column electrodes are determined 
as V c in ON and -V c in OFF, and voltage values of 
n-Vc(-l(=jr|<[l) were applied to the column electrodes 
according to gradation data. A display of 10 gradations 
was performed by changing the voltage values. Various 
test patterns were displayed. As a result, displays 
having irregularity in parallel to the column electrodes 
were produced, i.e., there were ununiform gradation 
displays . 

Further, in performing a ^isplay of^gray scale 
display, a good gradation display can be obtained by 
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using a pulse width modulation^ However, it is 
impossible to obtain a good gradation display when an 

amplitude modulation^ is used. <f>v/*n 

Ave'* 9*^* t~ 
In the f ollowingS /explanation will be \made;/as to 

a ^ r ~\ 

Embodiment C of the present invention which allows Jthe} 

driving in a broader temperature range. Fig. 23 is a 
block diagram showing an embodiment of the driving 
apparatus. An FR signal, an LP signal, an M signal and a 
/DOFF signal are inputted to the row driver 12 as 
controlling signals from the controller 11. The 
controller 11 supplies an LP signal, a CP signal, an M 
signal, a /DOFF2 signal and display data (DATA) to a 
column driver 13. The /DOFF1 signal is a /DOFF signal 
produced by the controller 11 and supplied to the column 
driver 13, and the /DOFF2 is a /DOFF signal produced by 
the controller 11 and supplied to the row driver 12. The 
row driver 12 and the column driver 13 receive necessary 
voltages from a power source device 14. 

When the FR signal becomes a high level, the row 
driver 12 selects a first row. The LP signal is a signal 
to shift a selected row by one^ Jhe M signal is a signal 
for being alternated. The CP signal is used as a clock 
signal to transfer display data from the controller 11 to 
the column driver 13. When the /DOFF signal \become^ a 
low level, the row driver 12 and the column driver 13 
make voltage levels to be applied to the liquid crystal 
panel 10 to be predetermined levels (level V 0 at an 



10 
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erasing time) respectively. When the /DOFF signal is at 
a high level, a writing state is generally provided. 

A START signal is to instruct the timing of 
rewriting data. The START signal may be a signal which 
becomes effective for each predetermined period by a 
timer or a display rewriting instruction signal given by Q 
MPU as a image data generating source or an external 
switch. Fig. 23 shows an example (thatt ^the signal is 
outputted from MPU 20. 

Further, a temperature sensor 81 is disposed in the 
vicinity of the liquid crystal panel 10, and an output 
detected by the temperature sensor 81 is inputted to a 



temperature compensation circuit 40. The temperature 



compensation circuit 40 supplies [to} the controller H^an 
15 application time instruction signal according to an 
output detected by the temperature sensor. 

Fig. 24 is a block diagram showing a structural 
example of the controller 11. An oscillator ^ generates 
a clock signal (CLK) having a predetermined frequency. A 
20 reference counter 22^ receives CLK to count. When the 
counted value of the reference counter ^Treaches a 
predetermined value, a line-counter J£2r adds +1 to its 
value . A comparator receives a counted value (DOT) of 
the reference counter £2*, a counted value (LINE) of the 
25 line-counter J>^and a set value (Ni-N 4 ) of a set register 
^^to produce the CP signal, the M signal, the LP signal, 
the /DOFF1 signal, the /DOFF2 signal and the SEL signal. 
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The SEL signal is outputted to a selector 
ilk 

A memory stores display data froirwMPU 20. The 

/an ii& 

selector ^"selects any one of data in the memory a 
"1" fixing signal and a "0" fixing signal in response to 
5 the SEL signal, and outputs to CL-LCD 10 the selected 
data as a DATA signal . 

An application time instruction signal (a set value) 
for determining a voltage application time is supplied 
from the temperature compensation circuit r^/to the set 

10 register ^JB\ In this embodiment, the set value is a 
value converted by a clock number produced from the 
oscillator Here, a high voltage application time (a 

period of the first stage) for obtaining a homeotropic 
alignment is represented by Ni, a time of the non-voltage 

15 application portion (a period of the seconds state) is 
represented by N 2 ^ a voltage application time (a period 
of the third stage) for changing the state to a FC state 
is represented by N3, and one selection time in the a- 
line-at-a-time driving is represented by N 4 . 

20 When ^the^ rewriting of data is required, an 

instruction for rewriting the display is generated from 
MPU to the set register When the instruction for 

rewriting the display is set in the set register >5~, a 

/W 

START signal is outputted to the comparator 
2 5 a Fig. 25 lis a block diagram showing a structural 

example of the temperature compensation circuit 40. An 
output detected by the temperature sensor 81 is converted 
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into a digital signal in an ^.-^jf onverter 41, and the 
converted signal is supplied to an address converter 42. 
A register 55 stores temperature coefficients relating to 
a period of the first stage and a period of the third. 
5 stage corresponding to each temperature. Further, a 

register 56 stores temperature coefficients relating to a 
period of the second stage corresponding to each 

r J h ° 

temperature. (Further, a regxster 57 stores temperature 
coefficients relating to a period of the addressing 

10 portion corresponding to each temperature. A region 

which stores each temperature coefficient has an address 
corresponding to a detected temperature. 

For example, when a temperature detected is 7 5°C 
which exceeds 65°C, the address converter 42 outputs 

15 addresses in which temperature coefficients ni, n 2 and m 
corresponding to 70°C in the registers 55, 56 and 57 are 
stored. In Fig. 25, the temperature coefficients n lf n 2 
and m corresponding to 7 0°C are indicated as ni(70), 
n 2 ( 7 0 ) and m ( 7 0 ) . 

20 Here, n 2 ^rii and n^n. In each of the registers 55, 56 

and 57, lower temperatures have larger values. In this 
embodiment, the temperature coefficient corresponds to 
the highest temperature is "1", and accordingly, each 
value stored in the registers 55, 56 and 57 has a value 

25 exceeding 1. 

A register 51 stores data (TlOr) indicating the 
length of the first stage at a predetermined temperature. 
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(70°C in this Example) . A register 52 stores data (Tllr) 
indicating the length of the second stage at a 
predetermined temperature (70°C in this Example )^ ct«^Jl 
^FurtherTj a register 53 stores data (T12r) indicating the 
length of the third stage at a predetermined temperature 
(70°C in this Example) . Further, a register 54 stores 
data (T2r) indicating the length of the addressing 
portion at a predetermined temperature (7 0°C in this 
Example). The data indicating the length of the 
addressing portion may be data indicating the length of 
^the entire^one display sequence or data indicating one 
selection period. 

A multiplier 61 produces an application time 
instruction signal by the multiplication of an output of 
the register 55 and an output of the register 51. Namely, 
an application time instruction signal is produced by 
operating m-TlOr. This application time instruction 
signal corresponds to N x (the first stage: the length of 
the reset portion) used by the comparator 24 shown in Fig. 
24. A multiplier 62 produces an application time 
instruction signal by the multiplication of an output of 
the register 55 and an output of the register 53. 

Namely, an application time instruction signal is 
produced by operating m'Tllr. This application time 
instruction signal corresponds to N 3 (the third stage: 
the length of the focalconic portion) used by the 
comparator 24 shown in Fig. 24. 
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Further, a multiplier 63 produces an application 
time instruction signal by the multiplication of an 
output of the register 56 and an output of the register 
52. Namely, an application time instruction signal is 
5 produced by operating nrTllr. This application time 
instruction signal corresponds to N 2 (the second stage: 
the length of the non-voltage application portion) used 
by the comparator 2 4 shown in Fig. 24. 

Further, a multiplier 64 produces an application 
10 time instruction signal by the multiplication of an 

output of the register 57 and an output of the register 
54. Namely, an application time instruction signal is 
produced by operating m-T2r. This application time 
instruction signal corresponds to N 4 as the length of a 
15 period of the addressing portion. In this Example, N 4 is 
a value indicating one selection period. 

In the following (operations will be described with 



reference to the timing chart of Fig. 26. Here, a 
voltage applied to^Piquid crystal which is required to 

20 obtain a homeotropic alignment in CL-LC and an ON voltage 
in a-line-at-a-time driving are V^Vc, and a voltage 
applied to^fequid crystal which is required to change CL- 
LC into a FC/PL-mixed state and an OFF voltage in the a- 
line-at-a-time driving are Vr|-|v c , respectively. 

25 The controller 11 ^epsJ^S^^Ti^iid crystal display 

device to an initial state until^tfPU 20 instructs to 
initiate a display. Namely, j±t is ^ep^jthat^CP signalf^ 



Tow level , A LP signal]!)* low level, aM signalftAhigh level, . 
DATAjr^irrgh level) jf? DOFFl signal and /DOFF2 signal£)f\low 
level. Since both/| the /DOFFl signal and the /DOFF2 
signal are at a low level, all/jrow electrodes and column 
electrodes are in a non-voltage application state, i.e., 
a state of potential V 0 . Further, the reference counter 

l J£2r and the line-counter Jja-'maintain 0. 

When an instruction of starting a display is 



generated fromnMPU 20, a START flag is set in the set 
register and a START signal becomes a high level. 
When the START signal becomes a high level, the 
comparator makes the reference counter active. The 
reference counter ^increases the counted value by 1 in 
response to the clock signal (CLK) from the oscillator J2^r: 

When the value of the line-counter 2*3^ is 0, the 
reference counter ^^c° unts up until the value is 
coincident with N 4 . The comparator ^4rmakes the CP 
signal a high level when the counted value of the 
reference counter _^2" is an even number, and makes it/|low 
level in a case of an odd number, so that CP signals 
according to the number of pulses which meets the number 
of dots of the display element are generated. In these 
operations, DATA is at a high level, and accordingly, the 
values of inner registers of the column driver 13 are all 
at a high level. j 2^Z^ 

When the counted value of the reference counter 2%^ 
is coincident with N 4 , the comparator ^2^makes the CNT 
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signal a high level for 1 clock period. In response to 

/ 2^ 

the CNT signal, the reference counter returns the 
value to 0, and the line-counter ^3"" adds +1 to its value. 
Further, at this moment, the LP signal is made to be a 
5 high level for 1 clock period. Accordingly, the values 
of inner registers of the column driver 13 are reflected 
VtoLcHitputs of the column driver 13 . 

When the value of the line-counter ^ becomes 1, the 
comparator jfj^akes the /DOFF2 signal a high level. All 

10 voltage levels of the column electrodes become V 5 (V r +V c ) 
according to the relation shown in Fig. 11 in the same 
manner as Embodiment A. Further, since all voltage 
levels of the row electrodes are V 0/ the voltage applied 
to^liquid crystal becomes (V r +V c ) to all pixels. Namely, 

15 a voltage required for a homeotropic alignment of the 

liquid crystal is applied to the entire display surface. 

Further, the comparator 2-4" outputs the SEL signal so 

r ^ ^ 1 17 

as to (fjLX^BATA to a low level. The selector selects 

w 0" in response to the SEL. signal. Then, the comparator 
20 Jii< outputs sequentially the CP signal so that a 11^ the 

values of inner registers of the column driver 13 are at 
a low level . The reference counter counts up until 
the counted value is coincident with Ni. When the 
counted value is coincident with Ni, the counted value is 
25 returned to 0 . At this moment, +1 is added to the value 

of the line-counter 22Tso that the value becomes "2". 

^ /Jr) 
When the value of the line-counter becomes "2", 



the comparator 2^ makes the /DOFF2 signal a low level so 
that outputted potentials of the column driver 13 are d ( 1 
made (all! V 0 . Therefore, the voltage applied to /liquid 
crystal becomes OV. Then, the reference counter^' 
5 counts up until the counted value is coincident with N 2 . 
When the counted value is coincident with N 2 , it 
returns the counted value of the reference counter 2^ to 
0, and +1 is added to the value of the line-counter 
When the value of the line-counter >3 is changed from 2 

10 to 3, the comparator ^ niakes the LP signal a high level 
for 1 clock period. As a result, the values of inner 
registers of the column driver 13 are reflected £oi 
outputs of the column driver 13 . ^ 

When the value of the line-counter 23 is w 3", the 

15 comparator ^ makes the /DOFF2 signal a high level- At 
this moment, since the M signal is at a high level, and 
DATA latched by the column driver 13 is at a low level, 
the voltage applied to all^xhe column electrodes becomes 

V 3 according to the relation shown in Fig. 11, and the 

it* I 
20 voltage applied to/j liquid crystal becomes V 3 (V r -V c ) to allCJ- 

the pixels. Accordingly, the voltage applied to^TTquid 

crystal required for obtaining a FC state is applied to 

the entire display. Then, the reference counter £2^ 

counts up until the counted value is coincident with N 3 . 

25 When the counted value is coincident with N 3/ the counted 

value of the reference counter isZT is returned to 0, and 

+ 1 is added to the value of the line-counter 
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When the value of the line-counter 2<f is "3", the 
comparator 2# outputs the SEL signal so as to select 
display data from the memory j>& as DATA. The selector J^h 
IpecomedAa state of selecting display data from the memory 

riie 1 

5 J2&~ in response to such^SEL signal. Then, the comparator 
24- outputs sequentially the CP signal to put display data 
into inner registers of the column driver 13 . 

t%0> 

When the value of the line-counter ,2^ becomes 4, the 

f V~i 

comparator %fir makes the LP signal a high level for 1 
10 clock period so that the values of inner register of the 
column driver 13 are reflected /td h outputs of the column 
driver 13. Further, it makes the FR signal a high level 
for a predetermined period so as to include the pulse of 
the LP signal, and instructs the row. driver 12 to effect 

15 scanning from a first row. f2~H 5 ^5 

Further, the comparator ^4^^ixe^ the /DOFF1 signal 
to a high level. Accordingly, a voltage required for the 
a-line-at-a- time driving is outputted as outputs of the 
column driver 13 and the row driver 12. In Fig. 26, this 
20 period is shown as the addressing portion. 



The comparator ^ makes the M signal a low level 
when the counted value of the reference counter p& is 
smaller than (N 4 /2) in the addressing portion, and makes 
the M signal a high level when the counted value is 
25 (N 4 /2) or more, whereby the voltage applied to liquid 

crystal in the a-line-at-a-time driving is rendered to be 
alternated. Further, it outputs display data of the 
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memory ^ as DATA for the next row to be selected. DATA 
is received by the inner registers of the column driver 

flZ- 

13 according to the CP signal. The reference counter^T 
counts up until the counted value is coincident with N 4 . 
5 When the counted value is coincident with N 4 , the counted 
value of the reference counter 22" is returned to 0, and 
+ 1 is added to the value of the line-counter^. The 
comparator ^ generates the LP signal as a pulse-like 
output for each time when +1 is added to the value of the 

10 line-counter ^rt, whereby the scanning of the next row is 
instructed to the row driver 12 and the output of the 
next display data is instructed to the column driver 13 . 

When the value of the line-counter 2^r becomes (3 + the 
number of rows to be displayed) , the comparator ^4^makes 

15 the CP signal and the LP signal a low level/;^instructs (^P^ 
the selector 2 6 through the SEL signal to output DATA of 
"1", and fixes the M signal to a high level. Then, when 
the counted value of the reference counter 2% is 
coincident with N 4 , it makes the CLR signal a high level 

20 for 1 clock period, and makes the reference counter %2r 
and the line-counter 2?r clear to be 0 . Further, the 
/D0FF1 signal and the /DOFF2 signal are \turned)fitd~~ a\Low 
level to make the voltage applied to^^K^fuid crystal to be 
0V, and the START flag is negated to return the initial 

25 state. In Embodiment C, the number of rows to be 
displayed is 60. 

As described above, in Embodiment C, the first stage 
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to the third stage, i.e., the reset portion, the non- 
voltage application portion and the focalconic portion 
are produced by utilizing the M signal and the /DOFF 
signals which can be handled by the conventional liquid 
5 crystal driving apparatus. Accordingly, the IAPT driving 
driver can be applied to the present invention. 

Further, since the temperature compensation circuit 
40 determines a voltage application time depending on a 
temperature detected by the temperature sensor 81, and 

10 the resetting of the liquid crystal panel 10 and the 
writing of image data are performed according to the 
determined voltage application time, an excellent quality 
of display can be maintained even at a low temperature. 
Further, it is necessary that the second stage (the 

15 non-voltage application portion) has a larger rate of 
increasing the voltage application time depending on a 
reduction of temperature in comparison with the first or 
the third stage. However, the lengths of the first stage 
to the third stage can be controlled to/(appropriate 

2 0 length depending on temperature by providing separately 

the register 55 relating to the first stage and the third 
stage and the register 56 relating to the second stage as 
shown in Fig. 25. 
(EXAMPLE C-l) 

25 ^In order t(jfy\initialize the entire display surface of 

the liquid crystal panel 10 at a room temperature of 2 5°C, 
a voltage of 40V was applied to the entirety of the panel 
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for 13.2 ms at the time of starting a display sequence. 
Subsequently, a non-voltage application time of 1 ms in 
which the voltage to be applied to the liquid crystal 
panel 10 was 0V was provided. Then, a voltage of 23V was 
5 applied to all pixels for 3.3 ms as conditions of voltage 
to obtain a FC state. Then, a a-line-at-a- time driving 
was carried out. The driving waveform as shown in Fig. 
9 (B) was used. 

In a series of voltage treatments before the writing 

10 of display data, it was confirmed that the liquid crystal 
panel 10 became a FC state in which a slight residual 
reflection remained. Subsequently, the a-line-at-a-time 
driving was performed to write a display, and a test 
pattern was displayed under the above-mentioned 

15 conditions. As a result, a display having a high 

contrast ratio could be obtained without resulting^ a 
residual image . 

Further, the room temperature was set to 0°C, and the 
voltage application times were respectively increased to 

20 4 times. When a test pattern was display^ in such case, a 
display having a high contrast ratio could be obtained 
without resulting^a residual image. 
(COMPARATIVE EXAMPLE C-l) 

The liquid crystal panel 10 was driven at a room 

25 temperature of 0°C under the same voltage application 

conditions (40V, 13.2 ms, 0V, 1 ms, 23V and 3.3 ms) as in 
Example C-l. In displaying a test pattern, residual 
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images^ generated. Namely, there kre"^|iany residual images 
and a good display (cannot be obtained at 0°C under the 
same driving conditions as in Example C-l. Further, when 
each of the applicable voltage values was increased under 
conditions that each of the voltage application times was 
the same as in the case of Example 1, a desired display 
could be obtained although the contrast ratio was low. 
(EXAMPLE C-2) 

Some of the voltage application conditions (40V, 
13.2 ms, 0V, 1 ms, 23V and .3.3 ms) in Example C-l were 
changed, and the room temperature was 25°C. Namely, the 
voltage application time was made double in the first 
stage, the third stage and the period of a-line-at-a- time 
driving the voltage application time in the second stage 
was made 4 times, and the voltage values in the 
respective periods were made higher than the case of 
Example C-l. In displaying a test pattern, there was no 
residual image, and a display of high contrast ratio 
could be obtained. Further, the time of writing display 
data could be shortened in comparison with the voltage 
application conditions in the case of 0°C in Example C-l. 
(COMPARATIVE EXAMPLE C-2) 

Some of the voltage application conditions (40V, 
13.2 ms, 0V, 1 ms, 23V and 3.3 ms) in Example C-l were 
changed at a room temperature of 0°C. Namely, each of 
the voltage application times was made double. In 
displaying a test pattern, a display having a low 
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contrast was produced although there was no residual 
image . 

As described above, in the first stage, the state of 
the CL-LC alignment is changed to a HO state £n order) to 
5 erase the ^tate of ^splayj previously writte^f ^?ua?ther , 
in the second stage, the state of the CL-LC alignment is 
changed from the HO state to a HG state or a HG/ PL-mixed 
state, (^rthe^^in the third stage, the change is made 
from the HG state or the HG/ PL-mixed state to a FC state 

10 or a FC/PL-mixed state. Then, in a period of a-line-at- 
a-time driving, a desired display state is written in the 
FC state or the FC/PL-mixed state. 

In Example C-l, ( it is understood that^ when the 
temperature of CL-LC decreases, the voltage application 

15 time in each step should be extended. For example, when 
the temperature decreases from 25°C to 0°C, the voltage 
application times should be several times, whereby a good 
quality of display can be maintained. 

However, the voltage application times required to 

20 cause a change of the state of the alignment differ among 
the stages. V£t is understood^ f rom Example C-2 and 
Comparative Example C-2 that in the second stage in which 
the state of CL-LC is changed from the HO state to the HG 
state or the HG/PL-mixed state, the rate of increasing 

25 the voltage application time in response to a reduction 
of temperature should be increased in comparison with 
that of the other stages. 
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If the HO state in the second stage can not 
sufficiently be changed to the HG state or the HG/ PL- 
mixed state, it is impossible to obtain a desired FC 
state or FC/ PL-mixed state in the third stage, with the 
result that the reflectance in an OFF time which should 
be in a FC state increases in the a-line-at-a-time 
driving, and the contrast ratio is reduced. 
(EXAMPLE C-3) 

The liquid crystal panel 10 was driven at a room 
temperature of 50°C by using the voltage application 
conditions (40V, 13.2 ms , 0V, 1 ms, 23V and 3,3 ms) in 
Example C-l provided that applicable voltages in the 
respective periods were set to be slightly lower. When a 
test pattern was displayed, there was no residual image, 
and a display of high contrast ratio could be obtained. 
(EXAMPLE C-4) 

The liquid crystal panel 10 was driven at a room 
temperature of 50°C by using the voltage application 
conditions (40V, 13.2 ms, 0V, 1 ms, 23V and 3.3 ms) in 
Example C-l provided that the respective voltage 
application periods were set to 1/2. Further, the 
applicable voltages in the respective periods were set to 
be slightly lower than the case of Example C-l. When a 
test pattern was displayed, a display having a contrast 
ratio free from residual images could be obtained. 



From the above -men tionecjy, it is \jonderstoodj^that when 
voltage application conditions at 2 5°C are taken as 
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reference values, the voltage application times should be 
double at 0°C, and the voltage application times should 
be 1/2 at 50°C, whereby a good display can be obtained 
even when the temperature is higher or lower than 25°C. 
5 The magnification of increasing or decreasing the 

periods depending on a temperature change in the period 
of the first stage and the period of the third stage in a 
series of voltage treatments (the resetting of display) 
before writing display data£) is the same as the 
10 magnification of increasing or decreasing the period of 
writing display data. However, with respect to the 
second period, it is preferable that the magnification of 
the voltage application period (the voltage application 
period of 0V) is larger than the magnification of these 
15 periods when temperature is lower. 

In a specific way of determining the temperature, 
when the magnification n(t p ) ( t p = temperature) and K A which 
is a constant in a range of 5 to 50^ were determined so as 
to satisfy the following formula in all the periods 
20 excluding the period of the second stage in the resetting 
of a display (the periods of the resetting a display and 
the writing of a display) , a display having a high 
contrast ratio could be obtained. In the following 
formula jir, tight side of " " indicates an index: 



25 



n(t p )|^n(25)^"( (25-t p ) /K A ) ... <jf) 



Further, when the predetermined, temperature is 2 5°C, 
and the length of a period in which a voltage is applied 
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to each pixel at an optional temperature t p , under 
conditions of voltage corresponding to display data (the 
addressing period) is represented by T 2 (t p ) / it is 
preferable that the length satisfies the relation of the 



following formula Jf: ^ ^ 

T 2 (t p )l=Jr 2 (25)|x2"( (25-tp) . . . </T), 

Xwfl&SL *is a constant determined accordii 



mg to CL-LC used, 

which is preferably determined in a range of from 5 to 50. 

K A and K B preferably have a value of about 25. 

10 Further, the second stage is in a state of an 

applicable voltage of 0V. Accordingly, when the period 

of the second stage is previously determined to be a 

longer period at a predetermined temperature, the periods 

of all of the stages can be determined uniformly based on 

15 temperatures. Further, a high-speed display could be 

obtained at each temperature without adjusting the 

amplitude of the voltage. 

Embodiment D of the present invention in which CL- 

flow 

LCD is reset in a HG state or a PL state(7J will^j be 
20 described. Fig. 27 shows a timing chart of a driving 
wavef ornf^Fig . 2 8 shows a block diagram of a signal 
conversion circuit in the driving circuit, and Fig. 29 
shows a timing chart in the operation of the signal 
conversion circuit. The structure of the circuit and the 
25 operation are common in many points to Embodiments A, B 
. and C of the present invention . Voltage pulses required 
in this embodiment can be obtained by modifying the 
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structure of the circuit shown in Fig. 16 and the 
operational timing in Fig. 17. 
(EXAMPLE D-l) 

A display was carried out in the liquid crystal 
panel of Example A-l by using the driving waveform shown 
in Fig. 27. A voltage of 40V was applied to the entirety 
of the liquid crystal panel for 13.3 ms . Subsequently, a 
non-voltage application time of 1 ms was provided. Then, 
a-line-at-a-time driving was performed. In an ON display 
(a PL state) in a selection time, a voltage of V r +V c was 
applied, and in an OFF display (a FC state) in a 
selection time, a voltage of V r .V c was applied wherein 
V r =35V and V C =5V. The selection time to row electrodes 
was 3.3 ms. A test pattern was displayed. As a result, 
a display having a high contrast ratio free from residual 
image could be obtained. 
(EXAMPLE E) 

By using the above-mentioned Embodiments A, B and C 
of the present invention, liquid crystal panels usable 
for an electronic book, a pager or a mobile type display 
device as a kind of portable display device, were 
prepared . 

A clear display of highly precise full-dot matrix 
with row electrodes and column electrodes could be 
carried out. Fig. 3 0 shows an example of the display. 
Characters could sufficiently be read even though they 
are thin. Further, the viewing angle was widefththe 
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rewriting of a display on the display surface could be 
performed without giving a strange feeling, and a display 
of quality being easy to look could be achieved. 

The liquid crystal panels were applicable to a 
public information display apparatus and an 
electrophotographic display apparatus using a relatively 
large display surface. 

According to Embodiment A of the present invention, 
there are such effects that a cholesteric liquid crystal 
can certainly be aligned in a FC state or a semi-FC state 
before writing display data^the production of a residual 
image or reduction in the contrast ratio of display can 
be prevented even when high-speed writing is conducted, 
and the quality of a display can be increased even in a 
case that a highly precise display is carried out. 

Further, since the time for aligning the cholesteric 
liquid crystal in a FC state can be shortened, the time 
required for a sequence of renewing a series of picture 
images can further be shortened. 

Further, according to Embodiment B of the present 
invention, CL-LC can certainly be aligned in a FC state 
or a semi-FC state before performing the writing of 
display datc^^the production of a residual image or 
reduction in the contrast ratio can be prevented even 
when high-speed writing is carried out, and the quality 
of a display can be increased even in a case that a 
highly precise display is effected. Further, the time 
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for aligning CL-LC in a FC state can further be shortened, 
and the time required for a sequence for renewing a 
series of picture images can further be shortened. 

Further, in Embodiment C of the present invention, a 
good quality of display can be maintained even in 
circumstances of use at a low temperature, and the time 
of voltage treatments in changing a display can be 
shortened in comparison with the conventional technique. 

Further, in Embodiment D of the present invention, 
the production of a residual image or reduction in the 
contrast ratio can be prevented even when high-speed 
writing is carried out. 



